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ABSTRACT 


An examination of the region between Monterey Bay and San Francisco 
Bay, California was conducted from 29 April to 5 May 1970 to study the 
effects of upwelling on the Central California,coastal region. Six 
parameters: temperature, phosphate, beam transmission for light, chloro- 
phyll a, Coulter particle size distributions , and oxygen were observed 
at eighty-five stations from the surface to 100 m in the cruise area. The 
data gathered are presented in the form of horizontal contours and profiles 
which indicate: (1) Almost the entire surface layer was saturated with 
respect to oxygen. (2) there were four areas, at the northern and 
southern ends of Monterey Bay, off Point Montara, and west of the entrance 
to San Francisco Bay, which exhibited high values of chlorophyll a, oxygen, 
and particle count, for correspondingly low phosphate values and low beam 
transmission. (3) These productive areas are inshore, generally within 
5-10 miles of the coast. (4) A peak in the size distribution of particles 
was evident in the productive surface layers, within the observable range 


mepeisere fevarameterc (1.59 to 32.0 1). (5) Plots of oxygen versus 


Ue-at/1 PO), 
Hieswiate aitewedethat similar slopes of about -3.1 ——j———— were ob- 
ml/1 0, 
served for inshore and offshore regions. The inshore regions exhibited 


higher phosphate values for a given value of oxygen which is probably a 
result of upwelling. (6) There was a fair correlation between beam trans- 
mittance and particle count. High values of beam transmittance were gen- 
erally associated with low total Coulter count, e.g., 90%/m and 6000 
counts per 2 ml, Conversely, low values of beam transmittance were 
associated with high particle counts, for example 5%/m and 85,000 counts 


per 2 ml. 
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I. INTRODUCTION 


A. ENVIRONMENTAL FACTORS 

Our knowledge of the ocean depends on sampling and collecting data 
over a period of time and is based on composite pictures of regions of 
interest. The upwelling areas of the world are of particular interest 
because of the high productivity associated with them, and because 
existing or proposed waste disposal sites are located in some of these 
regions. An estimated one-half of the world's supply of fish comes from 
upwelling regions, even though the total surface area involved is but 
one-half of one percent of the total surface area of the oceans. This 
can be explained in terms of the food chain, that is, the number of steps 
from photosynthetic phytoplankton, through grazers, to the ultimate con- 
sumer. Due to both the colonial habits and the large size of phytoplankton 
in upwelling areas, food chains in such regions tend to be shorter than 
where there is no upwelling [19]. 

Production of a standing crop of phytoplankton in upwelling areas is 
limited to the surface layers, where there is a favorable total concen- 
tration of nutrients, which for phosphate, for example, can be as low as 
1.0 ug-at/1l and still permit vigorous growth. Since photosynthesis is 
limited to the euphotic zone, that region for which the intensity of 
light is greater than approximately one percent of that incident on the 
surface, productivity is light-limited as well as nutrient-limited. The 
availability of light in the euphotic zone depends on three principal 
factors: productivity, land runoff (which contributes particulates and 
disolved organic matter), and, in regions adjacent to densely populated 


metropolitan centers, waste discharge. Of the three factors, both runoff 





and productivity are natural features of a region normally not subject 
to control. Waste discharge however can be controlled. 

The problem of waste disposal by dilution in the ocean, a practice 
commonly followed in coastal regions, is becoming more and more acute. 
With increasing population growth, present disposal methods are proving 
to be inadequate to handle the increasing quantities of waste which are 
being generated. Generally the ocean has been considered a great sump 
into which wastes can be pumped with no danger. 

Experience has shown that dilution of wastes pumped into the sea is 
in fact much less than expected. Attempts have been made to design out- 
falls and diffuser systems to minimize the adverse effects of such disposal. 
It nevertheless remains to be seen what will be the short and long term 
effects of the enormous volume of wastes (1.4 billion gallons per day) 
expected by the year 2000 on the coastal waters of central California. 

As Smith [21] points out: "If waste is to be pumped into the sea off 
coasts where upwelling is prevalent, it is apparent that adequate 
scientific knowledge of the upwelling process is needed". 

Of the world's fish supply not associated with upwelling areas, i.e. 
approximately one half of the total supply, almost the entire quantity is 
to be found in the shallow regions of the continental shelves where waste 
disposal is a more apparent problem. Nutrients in these regions are sup- 
plied to the euphotic zone by runoff from the land and by other hydro- 
graphic features like turbulence and convection. Turbulence tends to 
homogenize the water mass and thus distribute dissolved nutrients to 
considerable depths. 

For maximum phytoplankton production turbulence must be followed by 
OmetGatitiiecation Or stabilization of the water mass to allow phytoplankton 


to remain in the euphotic zone [22, p. 941]. Thus turbulence as well as 
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upwelling raise the level of nutrients at the surface; indeed, one-half 
of the phosphate enrichment of surface waters off Peru, for example ,appears 
to be due to turbulence and the other half to upwelling [21]. 

Thorade in 1909 postulated that the anomalously cold water along the 
California coast was due to pee oininey He showed that vertical advection 
of deep water was needed to replace surface water transported offshore 
by the northerly winds paralleling the coast, which, because of the 
Coriolis effect, causes a net transport in a direction 90° to the right 
of the wind. This was the first application of Ekman's Theory [21]. 

Skogsberg [20] was the first to treat the oceanographic climate of 
the Monterey Bay region as being divided into three distinct seasonal 
phases, namely the cold and warm water phases and the low thermal gradient 
phase. These three features were later referred to and described by Bolin 
[4] as the Upwelling Period, the Oceanic Period, and the Davidson Current 
Period. 

The Upwelling Period is initiated by the change in the surface winds 
of January and February to a generally northerly flow paralleling the 
coast. Water is transported away from the coast and replaced by deeper 
water advected vertically upward from depths probably not exceeding 200 
meters according to Sverdrup [22]. This period is characterized by: the 
lowest surface temperatures in the annual cycle; salinity values which 
rise to the high point of the year and are followed by a subsequent decline; 
and a strong vertical temperature gradient of more than ise per 6. im, 

The steady northerly winds of spring become intermittant in late 
summer and provide interruptions in the coastal upwelling, which allow 
the cold dense water to sink, causing convergences. Warm inshore surface 


water flowing offshore and an inflow of oceanic surface water to replace 
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the sinking, denser water establish a sharp thermocline in the first few 
meters. The Oceanic Period is characterized by surface temperatures as 
much as 2-3 °C higher than the peak temperatures during the upwelling 
season, by a continuation of the strong vertical gradient established 
during the period of upwelling, and also by calm conditions which con- 
stitute a transformation between the northerly winds of the Upwelling 
Period and the southerly winds of the Davidson Current period. The 
influx of oceanic surface water, the rise in the surface water tempera- 
tures, and the decrease in nutrient levels due to a lack of upwelling, 
lead to a decrease in the productivity of the local phytoplankton. With 
the influx of oceanic surface water a number of offshore phytoplanktonic 
Species are brought into the Monterey Bay region, an environment more 
fertile than the open ocean but less fertile than during the height of 
upwelling. The inoculum finds conditions for growth more favorable than 
normal and multiplies, increasing the diversity of forms in the coastal 
water. Therefore, a progressive reduction in the productivity for the 
area is checked. Thus, although initial local populations may require 
highly fertile waters, subsequent oceanic inputs are able to subsist at 
lower nutrient levels, and an average supply of plants is maintained for 
the grazers in the area. In their study of the marine climate of central 
coastal California Bolin and Abbott noted that if upwelling is inter- 
mittant, plankton volumes are high, and if upwelling is steady, plankton 
welumes are lower [3]. 

After the calm of the Oceanic Period the winds become southerly in 
November. The Coriolis effect causes a shoreward transport of water and 
an accumulation of low density water along the coast. This has two pri- 
mary effects on the California coastal environment. A current is formed 


as a result of the piling up of light waters, which parallels and reinforces 
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the wind driven current; sinking of the surface waters occurs, and 
relatively isothermal conditions are established to a considerable 
depth. The Davidson Current period lasts until February and provides 
the only sharp climatic change in the cycle. Its onset is characterized 


by an abrupt decline in surface temperature. 


B, BACKGROUND 

In general the distribution of oceanic parameters in the study 
region is complicated by vertical advection, entrainment, biologic 
activity, and, near the entrance to the San Francisco tidal prism, 
brackish discharge during the upwelling period. Of particular interest 
is the altering of the individual physical and chemical properties, 
especially in the first 100 meters, during this period. 

1. Phosphate 

Phosphate increases with depth to a maximum that corresponds to 

the oxygen minimum. The lowest values generally are found at the sur- 
face, where the usual concentration at mid-latitudes is of the order of 
0.2 ug-at/l [21]. In the California coastal region phosphate concen- 
tration changes in an abrupt manner in the late winter and spring. The 
suddenness of the change can be attributed to upwelling of nutrient 
enriched water into the surface layers, which replenishes the water 
depleted in phosphates throughout the fall and early winter. The 
abundance of nutrients in the euphotic zone is a stimulus for growth 
of phytoplankton, and patchy areas of productivity become evident, 
further complicating the analysis of observations. Measurements of 
phosphorous in the form of phosphate conducted off the central California 
coast by the California Cooperative Fisheries Investigations (CAICOFI) in 


July 1950 indicate values of 2 - 2.5 ug-at/l to be present at 100 m (Sa 
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2. Dissolved Oxygen 


Oxygen is generally at or above saturation at the surface, due to 
aeration and photosynthesis, but decreases in concentration with depth to 
a minimum at some intermediate depth. The saturation value of oxygen 
depends upon both salinity and temperature. The latter is the dominant 
factor off the central California coast. Since oxygen is replaced in the 
surface layers and is consumed throughout a water column by respiration 
and decay, the subsurface waters tend to be low in dissolved oxygen. When 
upwelling occurs, such oxygen-low waters are brought to the surface and 
are typically undersaturated. Park, Pattullo, and Wyatt observed values 
of dissolved oxygen concentration to be 60 - 70% of saturation during up- 
welling off the Oregon coast [15]. 

During upwelling, a fair correlation may be observed, though generally 
not at the surface, between oxygen and temperature. Pytkowicz [16] showed 
correlations between oxygen and inorganic phosphate for Oregon coastal 
waters and suggested that a subsurface oxygen maximum is formed as a 
result of the summer upwelling, when the rate of escape of oxygen exceeds 
its rate of production by photosynthesis. 

A subsurface oxygen maximum was observed by Stefansson and Richards 
in the same coastal region and was attributed, not to photosynthesis, but 
to a sinking along isentropic surfaces of water which had been enriched 
previously by photosynthesis nearer shore. They also noted a good 
statistical correlation between dissolved oxygen and density, except in 
the upper layers. | 

3. Chlorophyll a 

Chlorophyll a is perhaps the most important of the plant pigments, 
and observations of the concentrations of chlorophyll a can give indi- 


cations of the production of phytoplankton. In the first ten meters 
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chlorophyll a undergoes greater diurnal changes than any other plant 
pigment, which indicates that it is more quickly synthesized and decom- 
posed. Concentrations which were up to five times greater at midnight 
than at noon were observed, for example, in East Sound, Washington,a 
mieedtified inlet with little Brcnante iZoleernamsey [17 on the basis of 
tests of the remote sensing of ocean color indicated that definite changes 
in the spectrum of the upward flux from the sea occur with varying 
chlorophyllcontent. An aircraft has been used as a platform for the 
TRW receromeree- in the analysis of the backscattered light from the 
sun and sky and the highest percentage of the backscattered light was 
observed in the green portion of the spectrum [6]. This spectral peak 
was compared to concentrations of chlorophyll measured with a continuous 
reading Turner fluormeter. 

Yentsch and Scagel [25] agree with Sverdrup, Johnson, and Flemming 
(23, 25]: For primary productivity to take place a certain degree of 
stability must be reached in a water column, since pigment synthesis or 
decomposition depends on the duration of exposure to, as well as on, the 
meensity of light. 

4. Beam Transmittance 

The primary task of optical oceanography is to find out which 
ingredients in sea water are optically active and to study scattering 
together with absorption in order to understand the propagation of light 
in an oceanic medium [9, p. 1]. Scattering in the sea is primarily what 
may be described as Mie scattering, that is scattering due to particles 


and living organisms having sizes of the same order of magnitude as the 


i 

The TRW spectrometer is an electro-optical sensor of the off-plane Ebert 
type with a spectral range of 400 to 700 nm and a spectral resolution of 
Seo 7.5 nm. 
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wave length of light [7]. For large suspended particles the intensity 

of light scattering according to the Mie theory is predominantly in the 
forward direction. Scattering of light by highly filtered sea water, 
however, may be considered as being similar to scattering by pure water, 
a problem of molecular or Rayleigh scattering, since there is no notice- 
ppwewettect from the various solutes [7, p. 22, 53]. Rayleigh scattering 
is a maximum in the forward and backward direction and a minimum in the 
plane at right angles, to the incident light. Absorption, on the other 
hand, can be attributed to suSpended particulate matter as well as to 
wOluces . 

A beam transmissometer is used to measure the total beam attenu- 
ation coefficient, c, which may be represented as the sum, c = at b, 
where a is defined as the total absorption coefficient, and b is defined 

yey: 1 
as the total scattering coefficient. In a beam transmissometer a light 
source which emits a collimated beam of light is housed at one end of 
the instrument, and a detector is housed at the other end of a fixed 
path-length to receive the parallel rays. 

The beam transmissometer may be used in situ with a depth sensing 
device to record transmittance as a function of depth (Figure 1). Beam 
transmissometers may be used with scattering meters to study two con- 
stituents of sea water, namely particles and "yellow substance". The 
oceanographic interest in the distribution of these components is 
1 ; Meee : 

The total beam attenuation coefficient c (= a+ b) is given by 

epee (l/ijdl/dx, where 1 is the radiant flux incident on a thin layer 

of thickness dx normal to the beam and dI is the radiant flux lost to the 

beam due to the effects of scattering and absorption. If this equation 
fmniteecrateda, L(x) =l0)je ©“, where I(x) is the radiant flux of the beam 

at a distance x in the direction of propagation from a point where the 

flux has the value 1(0). Normally x is taken to be 1 m, so that I(1) = I(O)e " 
The transmittance per meter, T, is then defined as the ratio T = I(1)/I(0) =e 


Sometimes the term "beam attenuation", A, is used. It is related to the 
transmittance: T+tA = l. 
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dictated by the desire to find suitable parameters to characterize water 
ma@esese (9, pe lo>). "Yellow substance" is a collective name for dis- 
solved organic substances probably formed from carbohydrates and amino 
acids. The yellowish end product is fairly stable in sea water and is 
found in coastal areas and regions of upwelling. An inverse proportion- 
ality seems to exist between the decomposition of chloroplastic pigments 
and the production of the yellow absorbing substances. This ocr 
indicates that yellow substance may be a derivative of protein carriers 
coupled to the chlorophyll chromophores [24]. 
Bree racercu hates 

The optical properties of a water mass to the extent they differ 
from those for pure water are largely due to dissolved matter and sus- 
pended particulates [9, p. 1]. A determination of particulate concen- 
trations may be accomplished by weighing. Size distribution and total 
counts may be determined either with a microscope or electronically, for 
example with a Coulter counter, which measures the diameter or the volume 
of particles suspended in an electrolyte. The Coulter counter provides a 
rapid means of analyzing a particulate sample, and satisfactory results 
can be obtained as long as the particles to be counted are not less than 
about 1.5% of the aperture size [8]. 

Measurements by Yeske and Waer [26] indicated that approximately 
96% of the suspended particles in Monterey Bay were less than 8.5 u. 
Labyak [11] found that approximately 90% of the particles affecting 
beam transmittance in the coastal region between Monterey and San 
Francisco Bays were less than 12 win diameter. Baker [1], who examined 
the same region as Labyak, concluded that 74% of all particles examined 
had a diameter less than 6.2 y. However, the total counts observed in these 


studies were extremely low when compared with the results obtained for 
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Ene Mey 1970 cruise. MTherefore, for purposes of comparison, examples of 
counts for turbid, intermediate, and clear waters were sought. The 
following are examples of particle counts per milliliter of sample for 
a eiresiold? size of 1.0 44: Bahama Banks-—50-70 x ore Sargasso Sea 
surface water~—12-20 x lio « Sargasso Sea deep water (below the mixed 
layer)—3-8 x 10° {8]. 
suspended particles, either organic or inorganic, affect light 
attenuation; for example, heavy concentrations of particulate matter 
diminish the vertical extent of the euphotic zone. During upwelling 
high particle counts and low transmissivity are to be expected. Joseph 
[10] has pointed out the need for more measurements of beam attenuation 
in upwelling waters. A good relationship between suspended matter and 
chlorinity has been noted by Manheim [12], who found a gradual and 
linear decrease in the concentration of suspended matter with increasing 
chlorinity. This suggests that initial concentrations are being diluted 
with sea water as they progress seaward. A general trend has been 
observed toward decreasing numbers of particulates with increasing depth 
and distance from the coast, which can be altered by tidal and wind 
driven currents, local winds, land runoff, mixing, and upwelling. 
Changing particulate concentrations can leave areas of patchiness 
in the sea and can make observations based on single observations at fixed 


points misleading. Turbulence can alter near-bottom particulate distributions. 





When referring to particulate counts with the Coulter counter, the word 
"threshold" is used to refer to a size range into which particulates can 
be separated electronically after the instrument is calibrated with 
preercies of a known size. Hereafter, “threshold setting" will refer to 
that channel number or equivalent spherical diameter from which reliable 
counts (free of background noise) can be obtained; e.g. channel 13 which 
corresponds to an equivalent spherical diameter of 1.59 u. 
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Thus, clouds of particles are frequently encountered at levels 10 to 
50 m above the bottom [9]. 
6. Temperature 

In order to appreciate more fully the impact of upwelling on the 
climate of the central California coastal region it is necessary to note 
that the yearly average offshore surface temperature of the Pacific Ocean 
for the latitude of Monterey Bay is Pane. while the average annual surface 
temperature for the Bay is approximately 13°C. The annual range of sur- 
face water temperatures is less for regions where summer upwelling occurs. 
Thus, along the western coast of the United States the annual range of 
surface water temperatures is less than en while west of the California 
current the range exceeds 7°C (alge 

The suppression of surface water temperatures due to upwelling 
contributes to differential heating and increases the atmospheric pres- 
sure gradient and associated winds. It can be seen, therefore, that 
through depression of sea surface temperatures upwelling strengthens the 
diurnal sea breeze and brings cool, moist air inland [21]}. 

Examination of vertical temperature sections from offshore to 
the coast shows marked horizontal and vertical gradients and sharply 
ascending isotherms. According to Stefansson and Richards [22] ina 
Study of the Washington and Oregon coastal region during upwelling, the 
temperature structure is formed as cold, originally deep, water mixes 
upward in a stepwise fashion, the ascending water mixing with the over- 
lying warmer water. 

There is an indication that upwelling follows certain routes in 
Monterey Bay, along the axis of the Monterey Submarine Canyon, and that 
strong upwelling along the upper reaches of the canyon lowers the surface 
temperatures over and adjacent to this feature during the spring and 


summer [3]. 
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Upwelling can be expected in areas where there is a divergence of 
surface flow. On the western coasts of continents, for example, during 
certain periods when the winds parallel the coast and blow equatorward, 

a Characteristic single-sided divergence occurs, which transports light 
surface waters offshore. To maintain continuity, dense, cold, oxygen- 
poor, and nutrient-enriched waters are advected vertically from inter- 
mediate depths. The anomalies produced by the upwelled waters impinging 
on the surface layers are evident as strong horizontal gradients of 
physical and chemical properties, which normally only have marked vertical 
gradients. The California coastal region represents such a situation and 
is characterized by a narrow strip of cold water which exerts a strong 
effect on the climate of the region. Surface anomalies may be used as 
indicators of upwelling, but the mere presence of anomalies does not 
necessarily indicate the existence of upwelling. Similar effects have 
been caused temporarily by wind mixing or baroclinic adjustment of the 
density field associated with an increase in the geostrophic transport 

of a current. Persistence of the indicators, however, is probably 
possible only with upwelling [21]. 

The vertical advection of denser waters to the surface leads to 
a change in the distribution of mass, and, as the upwelled water accumu- 
lates along the coast, a current is established that flows in the 


Minceeron OF the wind alone the coast to the south [23, p. 501}. 


C. OBJECTIVE 

The objective of the present study is to examine the effects of 
upwelling on a central California coastal region, to compare the observed 
data to that obtained earlier, and finally to compare the various indivi- 


dual parameters observed. Achievement of these objectives was thought to 
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be best accomplished by a close examination of the region which includes 
the area between Monterey and San Francisco Bays. The region, still 
highly productive inshore, once supported a large fishing fleet, which 
moved to other areas when the sardines disappeared. 

The constancy of climate in the area encourages population growth 
and tourism. The increased numbers of people represent an ever increasing 
demand on the coastal communities for waste disposal. The coastal com- 
munities of central California can be divided into two types: a highly 
industrial megalopolis to the north and a suburban and rural area to the 
south. 

The area is affected by the flow of the largest river system in 
California, which empites into San Francisco Bay and is subsequently 
discharged into the sea. The region has been previously examined by 
Labyak [11] and Baker [1], whose data, especially Labyak's for May 1969, 
was hoped to be useful in establishing comparisons. 

Comparisons were made between the physical and chemical variables 
observed during the cruise, which lasted from 29 April to 5 May 1970. 
The observed ranges for these parameters were large due in part to 


several significant plankton blooms which were observed. 
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II. OBSERVATIONAL PROCEDURES 


A. STATION LOCATIONS 

Station data were collected during the period 29 April - 5 May 1970 
aboard the USNS BARTLETT (T-AGOR-13). The area under investigation, the 
coastal region between Monterey Bay and San Francisco Bay, is presented 
in Figure 2 along with the locations of the eighty-five stations occupied. 
The position, the time, and the weather conditions at each station are 
presented in Table I. The stations in this coastal region were chosen 
to cover approximately the same areas and stations covered by Baker [1] 
and Labyak [11] in order to increase the data available for this important 
region. Station lines were occupied in alphabetical order starting with 
Station A-1l in Monterey Bay and ending with station M-7 to the south of 
the entrance to San Francisco Bay. Stations within a given station line 
were occupied in numerical order. Station positions were determined by 
radar, loran, and visual means to within an accuracy of from 0.5 to 1.0 


Nim 1. 


B. DATA COLLECTION 

Three hydrographic casts were made at each station. On the first 
cast, the beam transmissometer and the sound velocity/temperature/depth 
probe (SV/T/D) were arranged to allow the beam transmissometer to pass 
through essentially undisturbed water (Figure 1). Variations of tempera- 
ture, transmissivity, and sound velocity as functions of depth were 
observed on both the down and up portions of each cast. The readings 
recorded here, however, are from the down cast only, because both the 
probe and transmissometer were allowed to remain for some time at a given 


depth and allowed to equillibrate. 
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Continuous readings observed on the up cast provided insight into 
the structure of the water column, but the readings were consistently 
lower than for the down cast due to lack of time to reach equillibration 
and due to the passage of the instrument through disturbed water. The 
transmissivity record was examined to determine optimum depths for 
locations of sample bottles on the second cast. Expendable and mechanical 
BT's were taken at various stations to check the calibration of the 
SV/T/D probe. 

On the second cast water samples were collected with Nansen bottles 
without reversing thermometers and were divided into five groups: (1) 
250 ml for oxygen analysis, (2) 100 ml for phosphate analysis, (3) 320 
ml for salinity determination, (4) 120 ml for particulate analysis, and 
(5) the remainder for chlorophyll a determination. The oxygen and 
phosphate analyses were performed aboard the BARTLETT. The particulate 
samples were placed in 120 ml polyethylene bottles to which 3 ml of 
Lugol's iodine solution was added by means of an automatic syringe. 

The samples for chlorophyll a determinations were filtered through a 
Whatman GF/C glass fiber filter on which a small amount of MgC0, had been 
placed. The filter papers were folded in half with the filtrate on the 
inside to prevent loss, hermetically sealed in plastic bags, and immedi- 
ately frozen. 

The third cast was made with a bottom sampler [11] to collect near 


bottom water samples for particulate, phosphate, and salinity analyses. 


ii 

The formula for Lugol's iodine solution is: 1g I and 3 g KI per 300 ml 
distilled water. The resulting solution is filtered through 0.22 u 
Millipore filters and stored in a dark bottle. 
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C. INSTRUMENTATION 
1. Beam Transmissometer 
Throughout the cruise observations of light transmissivity were 
obtained by means of a Marine Advisors Model C-2 beam transmissometer 
(alpha-meter). This instrument re the same one used by Labyak [11] and 
Baker [1] and is similar to the one described by Yeske and Waer [26]. 
A tungsten lamp was used as the light source, and the optical pass-band 
was determined by a combination of Wratten 61 and Schott BG-18 filters 
which also eliminated wavelengths in the infrared during air calibration. 
2. Sound Velocity-Temperature-Depth Probe 
A Ramsey Engineering Company MK-l Deep Sea sound velocity-temperature- 
depth (SV/T/D) probe was used at practically every station during the cruise. 
The instrument is described by Labyak [11]. 
3. Fluorometer 
A Turner Model 111 fluorometer was used in the analysis for 
chlorophyll a. The fluorometer was used with a blue Corning CS.5-60 primary 
and a red Corning CS.2-64 secondary filter. 
fe hancicle, Counter 
Analysis for particulate matter in the sea water samples was 
Pecomplished wsing a Model T Coulter counter to size the particles 
electrically. The counter separates particle sizes into fourteen size 
ranges or channels. The data output is on paper tape and is presented 
in four different modes: differential population, cumulative population, 
differential volume, and cumulative volume. 
To calibrate the counter 3.49 u polyvinyltoluene latex spheres 
were used. The calibration adjustment is set to give equal counts in 
two adjacent channels, so that the peak in the particle size distribution 


of the standard spheres occurs at the division between the two channels. 
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The location of the peak of the calibration standard and the aperture 
size determine the range of sizes which can be counted. The aperture size 
is most important, as it determines an absolute upper bound of particle 
diameters. In practice the lower bound results from electrical noise. 
The overall effective range of the counter for a 100 uw orifice, as it was 
used, was from 1.59 uw to 32.0 U, corresponding to channels 13 to 0. Noise 
in channel 14, at the small size end of the range, prevented its use. 

A proportionality constant can be computed to convert directly 
from a number of counts observed for a specific size range or channel 
number to an actual volume of particles in cubic microns Go which were 


drawn through the aperture: 


K = V,/(, x wee 
where: 
k = constant of proportionality 
V4 = differential volume Ww) 
Py = differential population 
D = equivalent spherical diameter for the channel (UL). 


It is to be emphasized that the particulates suspended in the sea 
are not regularly shaped and that sizes obtained with the Coulter counter 
or any such counter at best furnish "signatures" which are representative 


of the approximate particle volumes. 
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III. DATA ANALYSIS 


A. INTIRODUCTION 

The distributions of temperature, phosphate, chlorophyll a, beam 
transmittance, oxygen, and suspended particulate matter ,during upwelling 
off the California coast were studied in some detail. Of the observable 
oceanic parameters, temperature and salinity normally provide the best 
indication of upwelling in an area. Cold, saline, deep water which wells 
upward is easily detected. In the absence of either temperature or 
salinity data combinations of pairs of the above parameters, i.e., beam 
transmittance and particulate count, or oxygen and phosphate, may also be 
helpful in characterizing a water mass. Therefore to describe the region 
the observed data were plotted, and contours were drawn in vertical and 
horizontal sections for the six parameters listed above, using continuity 


of flow of the associated pairs of parameters as a check. 


B. DESCRIPTIVE TECHNIQUES 

1. Horizontal Contours 

Horizontal layers at 0, 10, 20, 40, and 75 m were considered. 

The first four depths were chosen to coincide with and to allow com- 
parisons with Labyak's data. The fifth level was chosen as 75 m rather 
than Labyak's 61m in order to arrive at a better picture of the deeper, 
near-bottom waters. The parameters temperature, phosphate, beam trans- 
mittance, oxygen, particulates, and chlorophyll a, will be presented in 
this order, and each will be examined from the surface to 75 m. 

The greatest horizontal gradients for all parameters occur at the 
surface. Predominant features occur in the surface layers at the southern 


end of Monterey Bay and off Point Pinos, in the northern end of the Bay 
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near Santa Cruz, in an area approximately 10 nm off Point Montara 
parallel to the coast, and west of the entrance to San Francisco Bay 
memures 10, 15, 20, 25, 30, 35). 

The surface temperature section (Figure 30) shows the character- 
istic packed isotherms which are iG AGATE of upwelling. The greatest 
horizontal gradient for the entire cruise, 0.25°C/nmi ,was observed off 
Pigeon Point on roughly the same line of bearing as station line I. As 
successive levels are examined, it is seen that temperature increases 
with increasing distance from the coast and decreases with increasing 
depth. A predominant feature of the shallow, northern, inshore portion 
of Monterey Bay, in the region of stations A-10 through A-12, is its 
essentially isothermal water. The shallow water - the stations are 
within the 30 meter contour - responds quickly to solar heating, but 
there is no evidence of replenishment at depth with colder waters. This 
fact has been explained by Bolin and Abbott [3] as follows: In Monterey 
Bay colder water is welled upward to the surface and, in certain places, 
previously upwelled water may remain in local areas close to shore as 
circular eddies on the surface, particularly at the northern and southern 
ends of the Bay, and under these conditions solar heating raises the 
temperature of the body. 

Examination of the phosphate contours (Figures 25 to 29) shows 
that there was a general decrease of fertile waters in the seaward 
Gleection due Lo the Strong coastal upwelling experienced in the inshore 
regions. Anomalies in distribution, or patchiness, are probably due to 
high productivity, which depletes the supplies of nutrients in the euphotic 
zone. Such patchiness is to be expected of a non-conservative element in 


sea water. Phosphates exhibited an increase with depth, but no noticeable, 
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disproportionate increases were detected under areas of high productivity 
due to an increase of organic material which could be converted to 
phosphates through oxidization in situ of the detital material. 

Beam transmittance contours for the layers 0 to 75 m (Figures 
35 to 39) displayed the effects o coastal turbidity, runoff, and high 
productivity. Monterey Bay proved to be the most turbid region in the 
study area, which agrees with the observations made by Labyak during the 
same period. Values of light transmission were generally less than 30%/m 
for most of the Bay stations between the surface and 20 m, indicating the 
effects of the shallowness of inshore regions and of productivity. The 
40 and 75 m contours showed that it is advection of water with high values 
of transmittance into the Bay at those depths, especially that water which 
travels over the Monterey Canyon where entrainment of sediments caused by 
the turbulent advection is not a factor, which contributes to the increased 
transmissivity of the waters. 

Farther to the north, in the area around the entrance to San 
Francisco Bay, the effects of a flood tide and the resulting tidal 
currents on light transmission may be seen on the surface chart near 
stations M-2 and M-3 to the west of the entrance to the Bay (Figure 35). 
mecordine to Ene tidal current chart for San Francisco Bay, the current 
at a point 5 miles west of the entrance of the bay is to the east (into 
the bay) and has a value of 0.8 knot one hour after maximum flood; two 
hours after maximum flood the current direction and set are 090° and 0.5 
knot respectively; three hours after maximum flood the direction changes 
to east-southeast and is reduced to 0.2 knot. 

Station M-2 was occupied from 2320 to 2340 on 4 May 1970; and 


station M-3 was occupied from 0045 to 0102 on 5 May. The flood tide for 
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the Bay was a maximum at 2224 on 4 May; therefore, the tidal currents 
transport less turbid surface waters in toward the tidal prism, reducing 
the plume effect at the Bay entrance. It was expected that the waters in 
the vicinity of these stations (M-2 and M-3) would influence primarily 
the first few meters of the surface, because the Bay discharge is less 
dense, due to river outflow, and would spread out over the surface. The 
plots indicate this to be true, and show increased transmissivity at the 
10 and 20 m levels. 

ieaneoitasmvity contours at 10, 20, 40 and 75 m in the region 
between Point Montara and Pigeon Point show a tongue of upwelled water 
of high transmissivity (Figures 36 to 39). This water below one of the 
most productive areas in the study exhibits increased light transmission 
with depth and to seaward. 

It was on the contour plots for oxygen (Figures 15 to 19) that the 
four distinct areas, namely the northern and southern ends of Monterey Bay, 
the region between Point Montara and Pigeon Point approximately ten kilo- 
meters offshore, and the area west of the entrance to San Francisco Bay, 
were most noticeable. The regions above are "anomalous" in that they 
show high saturated values of dissolved oxygen for a given salinity and 
temperature. The positions of these areas coincide well with regions 
having relatively warm surface temperatures, which indicates there is no 
impingement of upwelling on these surface layers. The result is a more 
stable stratum in which phytoplankton may achieve maximum exposure to 
light and accelerate photosynthesis into bloom conditions. 

The surface regions around Point Ano Nuevo and on the axis of the 
Monterey Canyon approximately eight miles from shore provide examples of 


"sood" agreement of temperature and oxygen, that is, low temperature and 
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low oxygen. The stations off Point Ano Nuevo show for oxygen an 
increase, then the expected decrease with depth. The "anomalous" 
increase in dissolved oxygen at ten meters may be attributed to the 
mixing and entrainment of photosynthetically enriched water. 

Although salinity data are not yet available from the April-May 
1970 cruise, the ten year mean value of 33.50% [5] was assumed to hold 
for the entire region and the percentage saturation of oxygen for the 
waters in the four areas of special interest was computed. The maximum 
values observed were at stations I-5, K-2, K-3 ana K-4; these values of 
dissolved oxygen, all above 10 ml/1, gave corresponding saturation values 
between 173 and 179%. At the northern end of Monterey Bay and in the 
Santa Cruz region a percent saturation of from 115 to 139% was calculated. 
The southern end of the Bay and the Point Pinos region exhibited values 
ranging from 118 to 154%. Finally, in the region encompassing stations 
L-3 through M-2 to the west of the entrance of San Francisco Bay the 
percent saturation values were between 135 and 152%. These may be con- 
trasted with the value of saturation for the surface water off Point Ano 
Nuevo, which was at 81% of saturation. 

The rather high concentrations for dissolved oxygen agree with 
concurrent, independent observations of oxygen made on CALCOFI cruises 
on 29 April and 8 May 1970. The levels of dissolved oxygen determined 
during the California Cooperative Oceanic Fisheries Investigations cruise 
are shown in Figure 3 alongside the circles which mark the CALCOFI station 
locations. The NPS stations closest to these are indicated by crosses, 
and the values of dissolved oxygen are shown within parenthesis. 

Examination of the tabulated oxygen data reveals a subsurface 


oxygen maximum for 56% of the stations. The existence of the maximum 
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FIGURE 3. Location of CAICOFI and NPS Stations in Monterey Bay. 
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is in agreement with the findings of Pytkowicz [16] and of Stefansson 
and Richards [22]. However it is evident, even though no sigma-t data 
is yet available, that the origin of this oxygen maximum, especially in 
Biewlisiobe regions, 1S due to a higher rate of escape than productivity 
mo@ethe surface layers. 

When the horizontal contours of total particulate count per 2 ml 
sample for the present cruise are compared to those of Labyak [11] for 
May 1969, it is apparent that not only were the maximum counts greater 
for the 1970 cruise, but also the areas of aoe maximum counts were 
more numerous. 

The present contours suggest that there are regions of high counts. 
The positions of four of these correspond to the regions of high chloro- 
phyll and dissolved oxygen. The surface layer at the southern end of 
Monterey Bay exhibits lower total counts than any of the other four 
locations, but a comparison of the same regions at a depth of 10 m shows 
an increase with depth for the Bay station while for the others, counts 
decreased with depth. For the fifth area, the surface waters in the 
vicinity of Point Ano Nuevo, there was a high particulate count, which 
is assumed to be localized upwelling impinging on the surface. Also, low 
temperatures, oxygen poor waters and high values of chlorophyll were 
present near Point Ano Nuevo. The area does not appear to have been a 
previously localized photosynthetically productive area which had been 
overturned because of the high values of phosphate which would have had 
to have been depleted by photosynthesis. 

Labyak [11] observed two areas of particulate maxima: a) a 
relatively large region between the entrance to San Francisco Bay and 


Pi8eon Point, the greatest seaward extent of which was approximately 
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25 nmi,and b) a localized offshore area in the vicinity of Point Ano 
Nuevo of approximate dimensions 5 x 10 nmi. The observations he con- 
ducted in the Monterey Bay region indicated low particle counts. Since 
the counts observed were roughly two orders of magnitude lower than those 
obtained in the present study, a plausible explanation was sought. A 
comparison was made of the areas of particulate maxima off Point Montara 
which occurred in 1969 as well as 1970. Because of the large difference 
between Labyak's data and that for April-May 1970, it was decided to 
reanalyze some of the particulate samples taken 7" Labyak's cruise with 
the Model T Coulter counter to establish a better comparison between the 
two sets of data. 

Selected samples from the observed maxima at Labyak's stations 
N-8, N-9, and N-10, where counts of approximately 5000 were reported, 
were reanalyzed. The samples had been sealed and stored for more than 
a year and a large concentration of particles was observed in each 
@aelysis as follows: optically, physically, in the number of blockages 
that resulted, and electronically, in the high cumulative count which 
ranged from 83-114 x 10. 

If the number of particles is assumed to have remained constant 
in storage, then a comparison of the former and present observations can 
be made. An examination of the Coulter counter print-out reveals that a 
cumulative count of 5000 corresponds to channel number 6, and an 
equivalent spherical diameter of 8.0 U. This seems to indicate that 
Labyak was probably counting only those particles greater in size than 
approximately 8.0 u, and the contours for the particulate data obtained 
on the May 1969 cruise should be used only in a relative sense. 

Surface concentrations of chlorophyll a were quite variable 


throughout the region, but the highest were to be found near Point Pinos, 
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OiL oanta Cruz, off Point Montara, and to the west of the entrance to 
San Francisco Bay (Figure 10). Maxima were, in general, confined to the 
first 10 m or so with unusually high values of chlorophyll a observed in 
a few instances at greater depths. This may be explained in terms of a 
cessation of upwelling or a change in the sinking rate of the phyto- 
plankton. With a previous cessation or slackening of vertical advection, 
dense upwelled water sinks, and the entrained phytoplankton also sink. 
This process may well have occurred near station K-5 where an isolated 
pocket having a high chlorophyll a content gules ae 55 m. At the same 
depth are to be found high particle count and low light transmission 
(Figures 70, 72, and 75). If the process cannot be explained by a 
slackening of upwelling, it is perhaps best explained by a mechanism 
proposed by Margalef, i.e., changes in the sinking rate of phytoplankton 
produce concentrations and rarefactions of populations at different 
levels [13]. 

2. Vertical Contours 

VemEreatmeseectwons were drawn for station lines A, B, E, G, I, K, 
and M (Figures 40 to 81). Contours were drawn to the data at each station 
in a given line from the surface to 100 m, except where interrupted by the 
bottom. Each of these station lines was contoured for the following six 
parameters: chlorophyll, oxygen, particulates, phosphates, temperature, 
and light (beam) transmittance. 

The influence of the Monterey Submarine Canyon on the parameters 
observed in station lines A and B in Monterey Bay can be seen in the con- 
tours. Bolin and Abbott [3] indicated that the Canyon channels the flow 
of upwelling water into the Bay, and that deep water follows the axis of 


this topographic feature and then flows out of the Canyon into the shallow 
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regions to the north and south. The 40 and 75 m isopleths of trans- 
mittance, temperature, and oxygen (Figures 41, 44, 45, 46, 50, and 51) 
show this effect in the Canyon and tend to confirm their suggestion. 
The first 20 m at the northern and southern ends of the Bay are oxygen- 
mpenhe NUtrient-poor, highly productive, turbid, and possess high particle 
counts (Figures 40 to 51, less 44 and 50). The northern end of the Bay 
is essentially isothermal (Figures 44 and 50), a feature which was 
explained [3] as due to a circular eddy of previously upwelled water 
which is heated by solar radiation. The effects oh upwelling can be 
seen more easily for station line E than for the Bay stations. There, 
Sharply rising isopleths of transmissivity, phosphate, temperature, and 
oxygen are found (Figures 53, 55, 56 and 57). Productivity in the inshore 
meerons 1s evident in the first 10 or 20 m in the area from E-7 to E-5, 
especially the first few meters around station E-6 (Figures 52, 53, 54, 55 
and 57). The 3 m depth, in particular, has associated with it one of the 
mapeect Values of chlorophyll a observed on the cruise, 11.98 age 
high particle count, high oxygen content, low transmissivity, and 
relatively high temperatures. A temperature inversion can be seen at 
station E-4 at a depth of 3 m. A similar occurrence has been noted 
during upwelling off the Oregon coast by Pak, Beardsley, and Smith [14]. 
The profile of chlorophyll at station line G has an unusual fea- 
ture in that for the entire length of the line, approximately 14 miles, 
the concentration of chlorophyll a is above 2 eae iene ilies wore 0 ai, 
and, in a great portion of the area between 20 m and the surface, the 
concentration exceeds 4 Revie (Figure 58). The contours show upwelled 
Waeene impinging on the surface layer in the vicinity of station G-2 and 


what appears to be a sinking of surface water at stations G-4 and G-5 


(oeures 59 to 63). 
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Farther up the coast a great difference is found between the 
chlorophyll a content of the water from one end of station line I to 
the other (Figure 64) and is more characteristic of upwelling, in that 
the area of high productivity is near shore, and that there is a notice- 
able decrease of chlorophyll a seaward. Thus, almost uniformly low 
values of 0.5 nine or less are found offshore. The high particle count 
Seserved (Figure 66) at station I-4 at 60 m is in conflict with other 
observed data. The high count may possibly be due to electrical inter- 
ference. The high particulate counts, high oxygen, low transmissivity, 
low phosphate, and high chlorophyll a content in the warm, stable, sur- 
face layers indicate an extremely productive area between stations I-4 
and I-9 (Figures 64 to 69). A similar situation is found between stations 
wee and K-5 (Figures 70 to 75). 

The highest values of dissolved oxygen for the entire cruise were 
at the surface of the productive area off Point Montara. There, between 
9 and 15 mis found, the greatest transmission gradient seen on the cruise 
(Figures 71 and 75). At station K-5, high particulate maximum, high 
chlorophyll, and low beam transmissivity are found at 55 m. These 
characteristics probably result from the sinking of phytoplankton. 

Of all the station lines, M is the shallowest and probably most 
complicated in terms of both upwelling and tidal effects. As an aid to 
the interpretation of Figures 76 to 81 a time axis should be 
imagined as proceeding from left to right with slack water at or slightly 
after station M-3. The tide was at maximum flood at the time station M-l 
Was occupied. The tidal currents in the region are, according to the 
Cidal current charts for San Francisco Bay, directed into the Bay until 
three hours after maximum flood at decreasing velocities until a slack 


memodGetved. Tidal currents advect the colder, oxygen poor, chlorophyll 
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deficient, nutrient-rich, ocean waters, which have higher light trans- 
mission and lower particle counts, in toward the Bay, drastically altering 
Ee distribution of parameters in the top 20 m. 

Thewefrect or the horizontal advection of water through the dis- 
change plume for San Francisco Bay is exhibited as lower values of 
temperature, oxygen, chlorophyll a, and particulate count, and a general 
weakening of the surface layer gradient. At a time slightly after station 
M-3 was occupied a slackening and reversal of the tidal current occurred 
producing an increase in the horizontal gradient for the above parameters. 
The converse is true for light transmissivity and phosphate. 

3. Graphical Comparisons 

To establish logical comparisons between the data observed on 
the May 1970 cruise and that obtained from other sources, the cruise 
data were presented using the same display methods used previously for the 
Same region. The remainder of the data are presented in simple scatter 
diagrams to provide comparative relationships between pairs of parameters. 

While working with the Coulter counter, Bader [2] noticed that 
many natural collections of small particles, for example, suspended 
mineral and organic matter in sea water, have hyperbolic distributions. 
While observing the particle distribution in sea water samples from 
Little Bahama Bank, Bader found that if a log-log plot of equivalent 
spherical diameter in wu versus cumulative particle count is constructed, 
the results are linear with slopes of 0.88 - 1.45 counts ./u. For 
comparison with the present data a plot was constructed for the cleanest 
water observed on the cruise, that at station I-1l at a depth of 100 m 
(Figure 4), and the slope was calculated to be 0.82 counts /w. 


Bader also observed the influence of slope on the shape of the plot, that 
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is, the larger the slope the greater the influence of small particles. 
Natural truncation occurs for large particle diameters due to a settling 
eiaich takes place despite stirring, thus caus ing a change in slope and 
producing a distinct bend at a particular equivalent spherical diameter. 

To examine this natural truncation plots similar to Figure 4 
were constructed for depths from 0 - 100 m. Station A-6 was chosen as 
typically representative of the Monterey Bay region. Examination of the 
plot (Figure 5) reveals an abrupt change in slope and a dip at a particular 
[zen this seems to indicate the presence of eeeae amounts of particles 
of this size than would normally be observed. The peak occurs at 
approximately 15 wu, which is within the nannoplankton range. It is 
assumed, therefore, that the peak which is evident in the surface layers 
only is due to an abrupt increase in phytoplankters. 

Chlorophyll a was plotted against oxygen in Figure 6. An initial 
plot of selected stations showed that there was no correlation in the 
scatter of points from the plotted values at each station: values of 
high chlorophyll a were observed at both low and high values of dissolved 
oxygen. Some of the high values of chlorophyll a corresponding to low 
oxygen may be explained by the presence of detritic pigments and/or by 
inactivation of chlorophyll a as phaeophytin [13]. One hundred percent 
saturation of dissolved oxygen is assumed to occur at 6.0 ml/1 - a value 
which is approximately correct for the region considered. All values in 
excess of this were plotted, but no apparent relationship was revealed 
between 0, and chlorophyll a. More than 70% of the values greater than 
6.0 ml/l were associated with chlorophyll a concentrations of 2.0 rey ee 
Of the low values of chlorophyll a above saturation, 80% were associated 


with offshore stations removed from the effects of upwelling. It is 
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assumed that these values are due to wind mixing which homogenized the 
water mass. 

It has been shown above that in general the regions of high total 
particulate count were areas of low light transmissivity. Therefore, a 
scatter diagram was constructed to see if obvious correlation did exist 
between the two parameters. Values of beam transmittance were plotted 
against total counts per 2 ml sample for all depths for each of the 
Stations in Monterey Bay as well as for selected stations throughout the 
entire cruise region, and a fair linear agmiallatiies was exhibited between 
the two. The plot (Figure 7) shows that in general low particle counts 
accompany high values of beam transmission and conversely, high particle 
counts are associated with low beam transmission. A few extremely high 
counts were noted in association with high transmissivity, but it is 
believed that these values possibly may be due to counting error. If 
these values are included in the range of counts for a given value of 
beam transmission then a spread of approximately 35,000 counts occurs at 
an arbitrary value of transmissivity. A similar range of values exists 
for low beam transmission. However, it is to be expected that the higher 
the count, the lower the beam transmission, especially where high counts 
are concerned. 

Beam transmittance was also plotted against chlorophyll a for stations 
A-l through E-5. This covered the Monterey Bay area and the southern 
portion of the study region, and it was hoped that the more than 200 
points would show relationships between the two parameters. Figure 8 
depicts a rather limited relationship between the two and shows that 
Piconelioitetkansmissivity is mot associated with high concentrations of 
chlorophyll a. Indeed the chlorophyll a concentration appears to deter- 


mine the upper limit of beam transmission. The fact that there 1s no 
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lower limit of light transmission for a given chlorophyll a concen- 
tration indicates that other factors - such as dissolved organic 
material - also play a role. 

Pytkowicz [16] observed relationships between phosphate and 
oxygen from the surface to 1000 m off Oregon before upwelling, at the 
approximate onset of upwelling, and after upwelling had been established. 
He assumed that if water was affected by biochemical reactions only, the 
slope was fixed , and if water masses characterized by differing oxygen - 
phosphate relations were present in varying amounts, then the slope of the 
linear line would change depending on the proportions of each. Varying 
slopes were recorded for each of the periods examined off the Oregon 
Boast. 

To investigate the possibility of the existence of such a 
relationship, a plot was constructed for three stations in an inshore 
region, namely J-1, J-2, and K-1, and for three stations offshore, L-l, 
K-10, and I-l. The results are shown in Figure 9. The inshore stations 
exhibited higher amounts of phosphate for a concentration of dissolved 
oxygen Which shows the effect of upwelling. The offshore stations showed 
greater variability especially in the surface layers due to depletion 
without replenishment. Pytkowicz's best approximation to his data for 


the upwelling period is presented as a stippled line. 
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IV. CONCLUSIONS 


Observations off the central coast of California have been conducted 
on a large scale by California Cooperative Oceanic Fisheries Investi- 
gations (CALCOF1) and by Hopkins Marine Station. This present study 
represents a fine scale survey of the central California region during 
an upwelling season. The analysis of data was approached in a quasi- 
synoptic manner, due to the spatial and temporal changes that took place 
during the observations. However, this method provided a broad subjective 
aid in understanding the upwelling process. From the data and the various 
modes of presentation it was concluded that: 

(1) The region covered in the May 1970 cruise appears to be separated 
into four distinct regions: the southern end of Monterey Bay near Point 
maos, the northern end of the Bay near Santa Cruz, the region off Point 
Montara, and the area west of the entrance of San Francisco Bay. AII1 
stations within these regions exhibited high oxygen, high particulate 
count, low beam transmissivity, and high chlorophyll a. This is in 
contrast to the two productive regions found on the cruise of May 1969: 
off Point Ano Nuevo and an area the extent of which is larger than any of 
the regions in the recent cruise. 

(2) Upwelling appeared to be stronger in the May 1970 cruise, which 
can be Hideed by comparing the surface isotherms decreasing adjacent to 
the coast. Labyak's 1969 data show isotherms decreasing seaward from 
ic along the coast to approximately 10.5°C and then another increase. 
The most recent data for the upwelling season show low temperatures along 


Oven . 
the coast as low as 9.5 C increasing seaward. 
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(3) A fair relationship exists between particle count and beam trans- 
mission. The particle counts observed in the analysis of 2 ml samples 
ranged from a total count of approximately 5000 for the cleanest water 
to in excess of 200,000 for very turbid water. 

(4) The linear relationship that was observed by Bader and Gordon 
[2, 8] for particle distribution in sea water can be distorted in the 
nannoplankton range by productivity in the upper 190 m or so. 

(5) A subsurface oxygen maximum exists for more than half of the 
stations, which is probably due to a greater escape than productive rate 
of dissolved oxygen. 

(6) The spread of sizes of particles counted was from 1.59 u to 
B20 (i. 

(7) Unlike the results for saturation of oxygen (60-70%) observed 
by Park, Pattullo and Wyatt [15] for upwelling waters off the Oregon 
coast, most of the surface waters appear to be 100% saturated. The four 
Peeduective areas listed in (1) above are super-saturated. 

(8) Tidal currents in the vicinity of the entrance to San Francisco 
Bay affect the distribution of the parameters observed in the study, 
especially in the upper 15 , 

(9) The warm surface layers contain high oxygen, high chlorophyll a, 
and low nutrients, which indicate high productivity. There are also 
associated with these areas high particle counts and low transmissivity. 
The warm stable layers allow phytoplankton maximum exposure to light, 
and with strong thermal gradients below these layers appear also strong 
gradients for particles and for transmissivity. This is not the rule 
for all productive areas, because the profile of total Coulter count shows 
a tongue of water which exhibits high counts extending through the area 


of sharpest thermal gradient toward the bottom for station line A. 
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V. SUGGESTIONS FOR FUTURE RESEARCH 


There is a distinct lack of data, both raw and processed, for the 
region Recor ined is the study. Still more data are needed to fill this 
void. The following recommendations are made: 

The fluorometric analysis for chlorophyll should be broadened to 
include a determination of phaeophytin. This would enable high pigment 
to ox ygen ratios to be explained in terms of an inactivation of the 
chlorophyll a as phaeophytin. Weekly analyses of chlorophyll a could be 
run with a continuous reading fluorometer for the Monterey Bay region. 
These determinations could be made to coincide with spectrophotometric 
analyses of a larger area from an aircraft. Since an NPS aircraft is 
already modified for photography, slight additional modifications would 
allow a rapid determination of surface productivity after an overflight 
of a surface ship for calibration. In addition to a continuous fluoro- 
metric analysis, plankton tows should be obtained in areas of high 
productivity to identify which species lead to the high observed 
concentrations. 

Since diurnal variations have been observed for both chlorophyll a 
and for phosphate, hourly observations should be made for a 24 hour 
period at an anchor station to observe possible variations of these 
meneters in Monterey Bay. 

A more complete study of the nutrients of the area could determine 
the concentrations of silicates, phosphates, and nitrates, and the effect 
of each on productivity in the region. 

The sigma-t profile for the area, especially during upwelling, should 


bemstudied to determine the effects of vertical advection on the water 


Suk 





column and to investigate offshore sinking of more dense water along 
isentropic surfaces. The sigma-t data should then be examined to 
see if possible relationships exist with oxygen, both below the surface 
layer and in regions of particulate maxima. Additional samples should 
be taken from areas of past particulate maxima to observe light 
scattering, and possible relationships between scattering and particle 
size distribution should be investigated. 

Finally, cumulative volumes of particulates should be compared with 
the beam attenuation coefficient to see if seeps a better relation 
cannot be obtained than that between beam transmission and total count 


shown in Figure 7. 
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Profile of Beam Transmittance (%/m) 


FIGURE 45. 
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FIGURE 54. Profile of Total Coulter Count (x to) 
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TABLE I 


Ttattone Data: — Location, Time, Depth, 
Weather, Sound Velocity, Temperature, 
Transmittance, Oxygen Chlorophyll, and 


Phosphate 
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STATION: A-1 DEPTH: 92m [ DATE: 4-29-70 | TIME: 1130 PST 
9 





























mite 36°-39.9'N RONG 219354. 9'W | WIND: 330° SPEED: 
Bik TEMP(DRY): 58° | BARO: 30.14 CLOUDmetl +c lear HEIGHT (EL): == 
PEA: 330° SWELL: 310°-8 | 
Z, SV iL TRANS | Z 0 Chloro- PO S O 
4 € 
phyll 
m m/sec C ml/1 Peyae ugAt/1 0 
CoD 2.34 N 
N 8.42 3.18 0 
O 1393 3.78 
4.93 | ey, D 
D B05 0.98 A 
A 2 eel 0.41 T 
T Tio 0733 A 
A eo Ory 7 

a oo SS 
STATION: A-2 Dige li: . 9/m DATE: 4-29-70 AU ti ae IES TON ow 
TAT: 369-40.5'N | LONG: 1219-53.7'W | WIND: _ -- | SPEED: -- 

_AIR TEMP(DRY): 69°[ BARO: 30.15 CLOUD AMT: 1 | HEIGHT(FT): 500 
SEA: -- SWELL: _300°-8 | 
Z SV db TRANS Z O Chiloio- PO > O 

2 4 t 
phyll 
O S of 
m m/sec Cc %/m m ml/1 mg/m ugAt/1 %o 





ae Zo 
us me 
i — 
aS fe 
oO , 
26 a9) 
Ww 0 
0 os NS: 
a7 9. BS, 
4 8. 513) 
De, 1484.2 Soll 67 20 
Ves 1484.0 Sle: SLO a9) 


ZG 





| Sea tON : ao DEPTH: 88m | DATE: 4-29-70 | TIME: 1500 PST 








TAT: 36°-42.2'N LONG: 121°-54.7'W | WIND: -- | SPEED: as 
_AIR TEMP(DRY): 61°] BARO: 30.17 CLOUD AMT: HEIGHT (FT): 2200 
SEA; =~ SWELL: ii a i ae 
z, SV iL TRANS | Z 0. Chloro- PO, S On 
$o 
| a ae ee 
0 -- -- 16.9 | 0 7 22 7 .36 G71 
3 [ee0e1 10571.) 17.1 5 7.07 6.15 6.73 
7 1490.0 10.65 16.4 10 7.19 as 0.73 
iil 1489.4 10.51 19.3 20 5) 7D 3.61 Deal 
17 Meeee2 10.12 37.0 | 35 2 el 0.26 2.06 
20 1487.4 9.88 43.2 50 265 0.34 2.13 
26 1486.2 9.43 6020 60 ee Oe eis 2.19 
34 1485.1 O95) 64.0). 75 2.80 2.38 ate 
50 1484.4 Sco 57 aG 
60 1484.0 8.68 52.4 
ps ry o3 20 85 oi 63e! 
ee Sr 
STATION: ieee DEPTH: 86m | DE aie 2 On 7.0 TIME :1615 PST 
TAT: 360-43 .8'N LONG: 121°-54.6'y| WIND: 2500 
AIR TEMP(DRY): 54°{| BARO: 30,18 CLOUD AMT: 2 
SEA: __250°-1 SWELL: 3109-8 ee 
Z SV i TRANS Z 0 Chloro- PO S oO 
2 4 t 
phy ll 
m m/sec "Cc S/n m ml/1 Layee ugAt/1 %0 
0 -- -- Zeal 0 ppeZ 267) 1.28 
2 1487.8 10.00 27.7 5 6.00 1.84 1.28 
j ieton9e “BO, 02 27.5 10 -- 1.16 Lee 
iki 1487.0 oe, 136.7 15 5.16 1.79 eae 
Fi 1486.7 9.65 41.6 aS 5.08 1.64 1.42 
23 1486.8 9.64 BU) 40 4.85 Dep agee lol 
32 1486.9 9.59 43.7 55 2.41 0.40 2a 
47 1486.8 8.95 66.4 70 Bae ib, 1 207 
56 1484.6 Sacee 16724 
70 1484.3 Calle G5. 6 


Way 









OTATION: A-5 95m [ DATE: 4-29-/0 | TIME: 1800 PST 






Dir En : 








Wee 30°-45.0'N LONG: 121°-54.3'W | WIND: ZOO" 12120 ee Le 
Pine leMP (DRY): 55° | BARO: 30.12 CLOUD AMT: 6 He pGhe ce ©) > L500 





SEA: 2800-4 SWELL: 





290~-8 





Zz 0 Cailore— POV Vas 6) 
phyll 





a 






































| 
0 weeo.3 10.49% 13.5 | 0 6.62 8550 1.00 
5 1489.3 10.48 14.7 5 6.62 Dll Ik (ouh 
10 1488.8 10.28 16.0 10 Dac, 1.06 1e22 
15 1487.3 OneS 3370 20 4.82 IL 5y oll 
19 1486.9 ee ce 30 3.60 Creep Iho 
25 1486.7 Cameco a7 25 2.88 0.44 | ee 
a9 1486.6 Omen 522 50 BD 0.49 Crier 
38 1485.2 Catia Coogan | 70 ages Ni OBO DP) 
49 1484.4 8.87 55.4 
68 1483 .3 8.50 34.1 
79 1483.2 8.40 60.5 
STATION: A-6 DEPTH: 463m DATE: 4-29-70 | TIME:1945 PST 
IAT: 36°-46.5'N LONG: 121°-54.3'W] WIND: 3100 
Pipe IEMP(DRY): 51°| BARO: 30.13 | CLOUD AMT: 6 | HEIGHT(FT): 1500 | 
SEA: 290°-4 SWELL: 2909-8 
Z SV iE TRANS Z 0, Chloro- PO, S 0. 


phyll 


$o 





UM©u RP wWrPUONA NS UI 
“J to 10 “SI Un tn Wo, co SI ™! 


a: 





SLUALION: A-/ DEPTH: 91m DATE: 4-29-70 | TIME: 2200 














far. 36°-47.5'N LONG: 1219-54.3'W | WIND: 0859 SPEED: ) 
AIR TEMP(DRY): 51° BARO: 30.17 Shoup tite ean HEIGHT (FT): -- 
SEA: 0859-1 Sebi aol) =0 
Z SV ‘it TRANS | Z 0 Chloro- PO S O 
4 t 
| pin abl 
O 3 
m m/sec CG Lm | m ml/1 mg/m ugAt/1 Lo 
0 1488.7 MO.S 1B) 8) | 0 6.28 4.14 0.97 
2 1488.7 Oe aulee ee Ia. 5 6.30 3.30 G2 
5 1488.8 10.32 [So 12 nae 0.81 1.02 
ih eves. 10703 24.0 25 OO 3.46 52 
15 1487.1 Gye) 23.2 | B5 BUS, 0.58 1 nas 
26 1485.9 9.44 48.9 50 287 0.34 2.00 
35 1484.4 8.94 68.7 65 2.36 e271 204 
50 1483.8 8.70 8180 
73 1483.4 8.48 64.0 | 
| STATION: A-8 DEPTH: 75m Doe 7 Oe OL ii 2350 
IAT: 36°-49.8'W LONG: 1210-54.5'w| WIND: 030° SPEED: 5 
Pou TEMP(DRY): 51°| BARO: 30.18 
SEA: 030°-1 0b SS se 
Z SV dh TRANS Z 0, Chloro- PO, S O 
tf 
phyll 
O 3 
m m/sec G fm m ml/1 mg/m ugAt/1 %0 
0 1489.8 10.62 i723 0 6.74 Peo Os 
2 1489.8 10.62 iy 5 6.82 3.92 0.73 
9 mg978 10.58 18.7 10 6.80 fal 0.78 
14 1489.6 10.49 20.0 25 4.94 DO) 1.49 
23 1487.1 i AS Ce nS 30 3s 0 O65 1.86 
34 1484.5 8.99 69.6 45 ENS 0.28 2.19 
53 1483 .3 S55. 53-0 
63 1483.0 Coenen 
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SE SS —— 
| STATION:  A-9 DEPTH: 53m [DATE: 4-30-70 | TIME: 0100 
fer: 36°-51.4'N EOree t21--54.3 W | WIND. 005° SPEED: 
AIR TEMP(DRY): 49° CLOUD AMT:clear}| HEIGHT(FT): -- 


































SEA: See See oboe 2 
Z SV a TRANS | Z 0 Chloro- PO S 0 
2 4 t 
phyll 
O 5 
m m/sec C $/ m ml/1 mg/m ugAt/1 Lo 
0 a4 -- 1020 
2 1491.4 11.08 Om 
> Hee? 1.5 jig eae ee: 
10 1491.3 03 Oe 
16 1490.5 HOmGO; 92254 
20 1488.5 hORZO. S173 
/1 5. 1485.2 9.29 63.8 
Sal 1484 .3 8.98 (234 
By 1483.9 Grol 69.6 
41 1483.6 S00 Oe od) 
pa LON: A-10 DEBI: DATE: 4-30-70 IME = 0200 
Me: 369-52 .9'N LONG: 121°-54.1'W 
Pen TEMP(DRY): 48°| BARO: 
SEA: 340° -4 5/0 DL et ee pees ea Been 
Z SV it TRANS Z 0 Chloro- 10, S O 
2 4 t 
phy1l 
m m/sec ae S/m m ml/1 ney ugdt/1 go 
0 1492.1 ies tk Sol 0 7.14 he G25 
3 1292.0 le She} oes) 0 Oe 6.93 0.4/7 
6 1492 .3 Piso Die 19 I 33: OR fers: 1.48 
8 ee) La26 bes Zak Sees 0355 207 
1] 1491.9 line es om) 
14 19126 se ela 970 
ie 1490.4 LO 2 42-26 
20 1487.9 10, 6S 13.4 
24 e35. | Olean 2 owe 
26 1484.6 9.06 ya) k 
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a 



















STATION: A-ll DEPin: -24m DATE: 4-30-70 TIME 30320 
IAT :36°-54.1'N LONG 121°-54..4'W WIND: 3500 SPEED: 4 
AIR TEMP(DRY): 49° | BARO: SyO ales, CLOUD AMT :clear| HEIGHT(FT): a 
SEA; 350°-1 SWE LL 315*-5 
Z SV T TRANS Z 0 Chloro- PO S O 
2 4 t 
phy1ll 
m m/sec "C L/m m mil may ugAt/1 0 
ne cdl 
D 8 : 
9 ioe, POs 8.9 10 7.08 9.67 0235 
ils. 1490.8 10.86 5.2 is, 6.79 ZZ O25 
7 1490.0 10.64 1950 1, 6.25 Me ON Oy es, 
19 1487.9 fOr! ha 
AN oOo oy L322 
a a 
STATION: A-12 DEPTH: 18m DATE? 4230-76 
we o62-55.7'N LONG: 121°-54.4'w | WIND: 000° | 
pee eNP( DRY): 50°; BARO: 30.14 CLOUD AMT: clear, HEIGHT(FT): -- | 
SEA: 0009-1 SWELL: 3159-5 | 
Z, SV a TRANS Z 0 Chlore= PO, S on 
phyll 
m m/sec we L/ in m ml/1 een ugAt/1 bo 
0 LARS TL lO? Ma 0 ye 7 0.29 
3 Pao, 3 LiL, Oe Oe 3 pe OF | 10> Or Sis 
6 EARS ORY VOI) B20 6 To la. 0.44 Oms5 
9 ee lee 01 see) : ks ECS) Oey 
iE? 1490.9 10.93 oe 12 7.24 hve 0.37 
15 1489.7 LOeo7 biG 





STATION:  B-1l DEPTH: 16m DATE: 4-30-70 | TIME: 0600 
IAT: 36°9-56.2'N LONG: 121°-59.3'W | WIND: 
AIR TEMP(DRY): 48° 









SEA : 7 Didi: 270°-4 
Z SV ah TRANS Z O Chloro- FO S Oo 
Z 4 t 
phyll 
m m/sec =e eae 






0 1490.3 10.82 6.5 . 
3 1490.1 Oss Lee 3 6.88 7.64 0.56 
6 1490.0 Cris Seal 9 6.56 256 On 
9 1489.9 LOS 8.8 
i 1489.7 OP sy oO 
| 
STATION: B-2 DEPTH: 90m | DATE: 4-30-70 | TIME: 0700  _ 
Mat: 36°-54.8'Nn LONG: 1219-59.1'wj WIND: = SPEED: we 
AIR TEMP(DRY): 49° BARO: SOe i> CLOUD -AMiE= 10 HEIGHT (FT): 100 
SEA: eae SELL: DO =a 
eS VGLh di 0 ers 
Z SV lt TRANS Zz 0 Chloro- PO S O 
2 4 E 
phyll 
m m/sec [6 S/n m ml/1 pe ugAt/1 Go 





0 1489.4 10253 129 0 5 Se D403 Oe 
2 1289 24 10.54 21 2) 6.84 3283 05> 
5 coe) 10.54 22 10 6.96 8.40 0.56 
10 1489.2 Ora 2 14.6 lh) O02 6.83 Ort 
ie 1487.8 1008 lg? 20 Deon ia3 IMS, 
21 1485.6 ore aul 3. 3 
24 1484.4 $) OY oe || 


te2 
























STATION: B-3 DEPTH: 34m DATE: 4-30-70 | TIME: 0745 
fete 3O° 93.5 ' N LONG: 121°-59.4'W | WIND: -- So Domes 
AIR TEMP(DRY): 48° | BARO: 30.15 CLOUD AMT: 10 |HEIGHT(FT): 800 
SEA: == SWielas 27 0o 4 
Z SV 2 TRANS Z 0 Chloro- PO S O 
| Z 4 ie 
phyll 
Hellne ugAt/1 %o0 





a og 0 
6 1488.6 O26 Le 6 S) G20 6.16 0.87 
16, 1487 .3 oo Zale Oo 2 Sel 1 
iy 1487 .3 Oo Zee 20 5) ky, 4.87 1.34 
Ze 1487 .3 oe ra O ire 
26 1486.7 9.60 Zl 
30 1484 .8 209 18.6 


ee ne me ee ee 


STATION: RB-4 DEPTH: 72m DATE 4230270 | TIME: 0830 ) 





TAT?) -369-51.8'N | LONG: 1219-59.1'W | WIND: -- 
AIR TEMP(DRY): 49° | BARO: 30.15 CLOUD AMT: 10 | HEIGHT(FT): 100 
SEA: -- SWELL: _270°-4 | 
Z SV T TRANS Z 0 Chloro- PO S O 
2 4 t 
phy ll 

m m/sec XG G/m m ml/1 eine ugAt/1 %0 

0 1487.4 9 2670 0 See 3.90 0.80 

5 1486.9 SN 52 20 i250 iver 1.64 

10 1486.9 9.78 30.7 30 Daag i158 1.79 
20 1486.4 9.56 36.9 40 Dao Gnas 213 
30 1486.2 9.47 Sal, 7 50 Ce es 0.45 pre de 
40 1484.0 8.82 3624 60 234 On2y Das 

50 1484 .0 By ie 20.0 

60 1483 .3 Soe 32. 

65 1483.4 8.49 38 
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STATION: B-5 l 
fee 36°-50.4'N RONG 812 e535 58'W WIND: Se SPEED: 
AIR TEMP(DRY): 54° | BARO: 30.17 CLOUD AMT: 10 | HEIGHT(FT): 100 


SEA; = SWELL: 2/700-4 | 


Z SV T TRANS | 





Z 0 Ch lore PO S O 
phy ll 


m apy neni ugAt/1 %0 










m m/sec =G Slr 


0 N 38.6 | 0 4.83 1.18 1.59 

5 0 37.8 10 8299 0.79 1.98 

10 42.7 25 2.47 0.39 2.25 

21 44.2 40 DLO 0.31 LD) 

31 D 47.8 50 238 0.29 298 

42 A 53.7 60 DON 0.19 ee) 

51 qT 23.8 80 DVS 0.19 2.24 

61 A me 

66 oo 
SS —— —  Ee—E—T—T—TET———E—E——E—EEEee ————————————————— 
Sia tion: B-6 DEPTH: 275m DATE: 4-30-70] TIME: 1100 

TAT: 36°-48.9'N LONG: 1219-58.8'W 
AIR TEMP(DRY): 55° | BARO: 30.18 
SEA: «= -- SWELL: 270°-4 | 
Z SV i TRANS Z 0 Chloro- PO S O 

2 4 t 
phyll 

m m/sec °C %/m m ml/1 ani ugdt/1 Lo 

0 caney 

5 fs pele 

10 31.1 

19 39.8 

30 D 45.2 

40 A 62m 

60 T BG) & 

80 A 68.3 
100 67.1 
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STATION; 


pea 


IAT: 36°9-47.1'N 


AIR TEMP(DRY 


SEA: 


Z 


—_— —_ 


SV 


m/sec 





ee ee 





Die 5 Siem 


SWELL:  300°-7 


67.) 9.93 
Hao 7 . 5 9.86 
6 Fae... / OS 
10 1486.4 9763 
14 1466.5 9.61 
18 1466.5 9.60 
22 466.5 ae 
Sul ie. / OS 
40 Lago .2 oe 
50 1484.4 C230 
60 1463.8 G63 
76 1484.1 O90) 
93 1484.0 Boz 
——_——————————— 
| STATION: B-8 
te 36° -45.3'N 
Pee EMPC(DRY): 55° 
bee 2709-3 
ZL SV i 
m m/sec ac 
0 1467.3 ILO (OS 
5 ror 3 10205 
10 1486.3 9.60 
16 1486.4 9.59 
19 1494.4 Sell 
29 1485.8 9.38 
39 eae, 7 9.00 
ye. eae. | 8.76 
69 1484.3 G2 
75 eee 4 Gay 
82 1483.9 GeoU 


DEPTH: 600m | DATE: 4-30-70 | TIME: 1245 










LONG: 1219-58.4'W | WIND: ze See De: == 
BARO: S10 is) CLoOUDeAM: = LO ME LGHT (ET )+ LOO 
SWELL: Z/0e-4 
TRANS Z 0, Chloro- PO), ° OF 
phy ll 
Slim m ml/1 ee ugdAt/1l %o 









|, 57 a | 8 6.24 13 1.46 
27.4 6 6.48 1.89 1.49 
jee a 18 5.49 338 1.64 
29.5 30 5.19 1.91 Les 
32.5 | 4.0 4.35 0.86 1.95 
32.8 60 Tih 0.26 219 
ca 75 2.60 Ges 28 
48.4 95 DAD O21 2.35 
57.1 | 

64.6 

73.8 

nie 

68.4 | 













Dp oe |) EE 1500 








MONG ae 1212 o pons (Wo) WEND: 270° SPEED elo 
WekOs s 302135 CLOUD atl telearmumaloh (FL): 








oe - 
TRANS Za O Chiloro- PO), S O 
le 
phy1ll 

Alm PE ee reir wees, 245 

Zo O 6.46 2a ees 

26.4 Beas 9262 1,42 

S055 1D ayaa ZOOS i578 

B52 30 Sagal 250 oy 
Seon 4.44 6.70 1.82 

5) ers! DO 2292 0224 y ame 

66.21) as. Das Oni 240 

72.0 100 SINE 0.23 Zoe 

oce | 

Ss <6 

oa 


ios 





—_ a 
SIarrlON: B-9 DEPTH: 366m DATE: 4-30-70 | TIME: 1645 
TAT: 369-44 .3'N LONG: 121°-59.1'Wi WIND: 270° SPEED: 18 








Polke LeMeP( DRY): 56° | BARO: 30.12 CLOUD sie [ear | HETCHT (FI): == 
SEA: 2709-4 puaLi: 3000-8 | 
Z SV Hl TRANS Z 0 Cloner PO S e) 
Zz 4 t 
phyll 





ova 





























4 6. ye 
peeei4s7.4 9.93 27.1 ceo 2257 1na8 
Mie 1487.2 9.87 28.3 Cri 2a 1.35 
fee 1486.7 9.71 31.1 20 6.14 2.90 1.45 
20 1486.3 9.54 40.7 ROMS 46.) F196 1.53 
30 1486.3 9.48 46.9 SUSO SN OR22 5 (2.17 
fom 1485.1 9.13 64.0 SOME c0CNN Or 24mm 2) 36 
Gomeei484.5 8.84 70.0 | 100 2.25 0.16 2.41 
80 1483.9 8.58 61.8 | 
96 1483.7 See 7035.0 : 
STATION: __B-10 DEPTH: 480m DATE: 4-30-70 | TIME: 1900 __ 
Pe 369-42 .6'N Io Mener2 19259.4'W | WIND: 305° SPEED: 
Bere CEMP(DRY): 54° | BARO: 30.07 -- | 
Meee 3057-3 SWELL: _ 3009-8 | 
Z SV T TRANS Z 0 Chloro- PO Ss 4a 
2 4 t 
phyll 
m m/sec 6 G/ in m ml/1 sein ugAt/1 %o 
O 1487.9 10.09 22.3 
5 1490.0 10.08 22.5 
fone 1488.1 10.08 22.9 
20 1489.4 9.86 31.0 
ome 1487.3 9.77 40.1 
39 «1485.5 9.24 = 66.3 
49 1484.4 8.87 65.0 
60 1484.0 8.73 63.3 
75 1484.1 8.64 69.9 
85 1483.9 8.56 78.1 
89 1483.8 8.51 82.2 
93 1483.7 8.47 80.9 
98 1483.7 8.44 80.1 
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STATION: 
TAT: 369-41.2'N 


AIR TEMP (DRY 


B-1ll 


Doe 





_SEA:_ 3150-4 
Z SV 
m m/sec 
0 1489. 
Pl 1489. 

Zr. 1488. 

30 1486. 

41 1484. 
Sih 1484. 
61 1483. 
val 1483. 
81 1484. 
90 1484. 

100 1483. 
STATION: 


pias 
IAT: 36°-39.4'N 


NOOOWO ON A HS LN 














i 


DEPTR: 
LONG : 
BARO: 
SWELL: 


TRANS | 


AIR TEMP(DRY): 51° [ BARO: 


SEA: 3109-4 


Z 


SV 


m/sec 


1489. 
1489. 
1489. 
1486. 
1484. 
1484. 
1484. 
1483. 


OorNOowo oOo ™w 


Ie 
Ge 
LOE 








oe 
ch 
17 AS i) 
61 66.1 
98 O82 
81 69.3 
70 1a 
62 85.6 
60 -- 
55 83.6 
40 87.4 
DEPTH 
LONG: 
SWELL: 
TRANS 
S/m 
60 ENN 
63 2126 
63 DIES) 
S07 by 32 
96 84.7 
Tas Sie 5 
69 S60 
ao | 76.0 


COCO CO CO OO 






108m 

121°-59.2'W 
S007 
310°-9 


- 100m 


Z 


10 
30 
Ge: 
90 


127 


0 


DATE: 4-30-70 

[210-59.0 7H 
S0Re2 
310°-8 


DATE: 4-30-70 


Chloro- 
phy ll 


aloe 


OOO FN W 
LL 
\O 


Chloro- 
phyll 


neu 


DOZ 
2208 
0). Bre. 
Oral 
0.37 











PO S 


Zs 
Lo 


ugAt/1 





NO BO RO BRO Re 
Lo 
ON 





TEMES 


SPEED: 





PO, S 


ugAt/1 0 


On81 
G20 
2s 
Zao 
2.40 






Pee 2000 
SPEED: 19 


CLOUD AMT:clear| HEIGHT(FT): -- 










| A ap aw ee 


STATION: Bee DEPTH: 82m DATE: 4-30-70 {| TIME: 2215 “ 
lis 309-38 .2'N PONG 21 =59 i'w | WIND: 3150 SPEED: 10 

PER TEMP(DRY): 50° | BARO: 30.14 CLOUD AMT :clear| HEIGHT(FT): -- 
SEA: 315°-4 SWELL: 315°-8 


Z; SV i TRANS Z 0. Chloro- PO), S O, 


phy ll 
Lo 










aay ugAt/1 























0 r90".5 LOG 7 5S 14.4 0 Gene 6.08 0256 
10 1488 .6 el eu 27.0 20 S42 0.68 oe 
15 1485.4 Oey 68.2 40 Beals 0.47 A) 
26 1484 .3 O09 70.6 
36 1483.8 8.63 81.4 
ay) 1483 .5 8.60 OZ 
Sul 1483.4 S20) e229 
61 1483 .6 a 83.8 
66 [e332 8.49 Seg 
STATION : C-1 DEE: 50am DATE oa 30-70.) TIME: 2350 









1727-0156 W 
30.14 


IAT: 36°-36'N 
AIR TEMP(DRY): 
Ss ae 3150-4 






LONG : 
BARO: 





On 





Z 0. Chloro- PO), 5 O 
phyll 


m ml/1 Syne ugdt/1 fo 






4 Es 5-6 0 Se) 7.74 0.34 
5 L400 BE i 5.44 to i 
8 LOR? 28.8 30 4.02 0.43 Leg 
5 ee) s! 62.4 60 SON Gas Za0> 
8 eee Zeal 0) 3.00 0.20 2.08 
6 3.95 O70 
Z Ba67 So. 1 
5 erate. Bead. 
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STATION: (C-2 
[AT 36°-33.6'N 


DEPTH:1000m_ (DATE: 5-1-70 
12702046 Wy 


LONG: 


TRANS | 






SHELL: 3207-8 


Z 





iin. 30145 
Soe SreeDe LO 
pulceleartHe LGHt (FT ): 


WIND: 
CLOUD 








AIR TEMP(DRY): 50° 
Bes: 3350-3 

Z SV T 

m m/sec °C 

0 E95). 2 GOs 
3 1491.4 Oey 
8 1491.4 LUO? 
i 1489.2 On 43) 
16 ra87.5 Le. © 
20 eee 0 9.77 
26 a7 41 9.76 
ay 1486.3 9.48 
46 eo 12 9.42 
Se: 1485.4 OES 
65 1484.6 8.90 
td 1484.4 Sad 
85 484.5 8.74 
97 1484 .6 Sen 2 
Sie ttON: C-3 

fee 36°-31.3'N 
ATR TEMP(DRY): 539 
SEA: 3359-3 

iz SV Ap 

m m/sec °C 

0 ta87 .6 OOF 
5 1487.6 LOS 06 
10 1487.6 1@:200 
15 1487 74 9.92 
20 ha s652 9.58 
30 [35.8 9.38 
39 1486.4 9.52 
Syl ISO. 5 9.47 
69 1485.9 9223 
89 i4e5. | 8.95 


81. 
DEPTH : 


LONG: 
BARO: 


EPOOmnmhabraraoen onan 


SWELL: 


TRANS 


/m 


OMmMDFL AWA & 


1600m ole 


a 





i220 09 
5009 
320°-8 


Z 


LS 
20 
S10 
90 


0 Chilero- EO S O 
2 phy 11 : : 
ml/1 e/a ugAt/1 Lo 
Vien 4.78 0.46 
8.00 Seo Oeay 
8.12 6,24 0.49 
ees. 5.06 0.62 
Daou 2.95 ie OD. 
4.02 Ou62 1.94 
3.49 0742 230 
2250 O270 2.08 
DATE: 5-1-70 MME Os 15 


Ses 


WIND: 





= PO 
0, Ch Varo 4, S O,. 
phyll 
ml/1 me /m ugAt/1 %o 
5.97 Ors 41 
Depo Oea42 1.46 
0 Oe WES: Ly) 
4.97 lets Ler 
iS Pee eo Ons 2 ee 7 


ESS, 


ee 





STATION: 


Eom LEMP (DRY 


SEA: 


Z 


a 
abe, 

8 [86.5 Ge 
16 1488.6 LOR 
26 1488.2 Oe 
aD Faso. 2 LO. 
44 1486.3 9. 
516) 1485.9 9. 
66 1485.9 9. 
a7 1485.6 9. 
86 laco. | Oo: 
97 1484.4 oe 
STATION: 5-2 
IAT: 0-39.7'N 
AIR TEMP(DRY) : 50° 
SEA: as 
Z SV T 
m m/sec =e 

0 1488.7 Oy 

5 1488.8 L(G): 
ime) 1488.9 Gr 
20 1489.0 iO” 
40 1485.9 9. 
pl PASS 9. 
a5. isons 9, 
80 1484.8 8. 
86 1484.7 8. 

100 1484.2 8. 


Deve 
fee 30°-35.3'N 


SV 





- 50° 








DEPTH: 2300m 








DATE: 5-1-/0 TIME: 0600 
LONG: 122°-10.7'W | WIND: SS SPEED: a= 
BARO: SOL CLOUD AMT:clear HE LCN Py 
SWELL: 300°-4 
TRANS Zz 0, Chloro- PO S Oo 
4 fi 
phyll 
Rove ugAt/1 %o0 
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9 | 6 
.6 6 0. 1. 

53.1 25 6.04 0.80 1.18 

56.3 45 5.18 0.53 1.61 

64.4 65 4.86 Ore? Le 

64.4 95 3.35 0.18 1.91 

| 

84.0 

82.8 | 

eS 

86.0 

87.0 
DEPTH:  1550m DATE: 5-1-70 | TIME: 0800 
LONG : 122°-15.2'W 
BARO: 30.12 
SWELL: 3009-4 eee 8 
TRANS Z 0. Chiloro- PO), S 0. 

phy 1] 

%/m m ml/1 eone ugAt/1] Lo 

48.5 0 6.46 Gat 0.94 

48.5 20 6.35 1.09 0.99 

48.6 35 5.28 0.25 1.45 

49.4 60 DT 0.86 1.75 

82.8 || 100 3.77 0.26 1.98 

84.4 

90.0 | 

SH 0 

84.2 | 

89.7 





BATION: D-3 DEPTH: 1350m DATE: 95-1-70 | TIME: LOOO 
IAT: 36°-42.7'N LONG: 1220-18.7'W | WIND: StS, SPEED: 





AIR TEMP(DRY): 54° } BARO: BO ber CLOUD AMT:clear| HEIGHT(FT): -- 
BEA. 8 60315°9-2 SWELL: Sa 2s 
Z SV Ik TRANS | Z 0, Chloro- PO), S 0, 





phyll 
Sane ugAt/1l %0 





0 1487.4 9.98 63.0 || 0 6.02 0.28 1.36 
10 1487.4 9.98 63.1 40 Seva 0.68 1.46 
20 1487.2 9.82 64.0 65 5.56 ile i 452 
30 er. 5 9.85 64.0 80 Seals 1.09 1.67 
51 487 .4 9.74 61.9 | 100 5 0.34 tees 
70 1487.0 9.54 62.0 
7S 1487.0 9.48 51.0 
86 1486.8 O35) 58.2 
95 1486.2 9.18 80.6 

100 1486.2 Ee 
| SH TION; F-1 DEPTH: 750m BADE: 5-71-70 TIME: 1130 


FAT: 36°9-47'N Mone 1229-147 Sg RESET S055 SEED. 
Peele MP(DRY): 649) BARO: 30.14 | CLOUD AMT: cleay clear weroeTOEE =I 


SEA: 305°-2 SWELL: 315°-8 





Z, SV Jb TRANS Z 0 Chloro- a re S a 
phyll 
3 
m m/sec ¢ Sf m m ml/1 me /m ugAt/1 Lo 
0 rss 27 LOZ ea 
5 1487.1 9.9/ 7 Alea 
10 1486.9 9.89 68.0 
20 1486.5 9.67 Gon0 
sl 1486 .0 9255 (OG 
40 iso. 6 9.44 Tle 
Sy 1484.8 SOS) 72.6 
vi Pao 2 on 88.6 
91 1484.2 S02 90.4 
100 1484.6 So JOE 
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eR 


paAtnON: E-2 DEPTH: 510m (DATE: 5-1-70 | TIME: 1330 









IAT: 36°9-50'N MONGele2 022 W WIND: 295° SPee be. t2 
AIR TEMP(DRY): 61°] BARO: YOM CLOUD AMT:clear| HEIGHT(FT): -- 
SEA: 290°-3 SWELL: 3159-7 

Z. SV 2b TRANS 2 0, Cilaca PO, S 0, 





phy ll 


S/o m ml/1 oe ugAt/1 ho 


















Me80.c 10-53 79.1 | 0 5.65 0.08 1.39 

3 1487.8 10.17. 78.5 10 5.66 0.08 1.46 

7 1486.4 Cay sha Gon 7 15 5.96 1.68 1.41 

16 1485.8 9.48 59.0 25 5.92 3.10 1.50 
25 1485.7 9.41 68.6 40 4.83 1.63 1.37 
35 1485.8 9.36 45.3 60 3.95 0.58 = 
4.5 1485.6 927. 4930 | 80 2.46 0.28 @ BE 

54 1485.7 Sm or S20 95 Sn 13 1.60 2 Onl 

62 1485.3 5) (0 SS 

7A 1484.9 8.91 60.8 

78 1484.1 a Yr ee 

85 1483.9 8.55 93.0 

| STATION: E-3 DERE Hes 142m DATE: 5-1-70 ME S00 
IAT: 369-51.6'N LONG: 122°-09.7'W 
AIR TEMP(DRY): 53°[ BARO: 30.17 
SEA: 295°-2 SHEL: 9310-6 | 
Z SV T TRANS z: 0 Chloro- PO S O 
2 4 t 
phyll 

m m/sec °C G/m m ml/l eee ugAt/1 Lo 

0 aS ae 54.0 0 6.29 1.76 1.37 

3 1488.3 10.25 53.4 10 6.01 2.20 1.48 

8 1486.7 eg aS .5 25 5.56 a7 Ls 

12 1485.9 9.50 39.5 35 4.95 1.48 1.92 

16 1485.5 Sey Be) 5 55 4.49 2.00 1.95 
26 1485.4 9.30 48.0 75 2.68 0.24 2.28 
35 1485.4 DN a) 95 2.29 0.21 2.40 
4h 1485.1 Ces ee 

51 1485.1 9.07 44.0 

58 1485.0 9.01 50.0 

67 1484.2 8.74 62.8 

Vy 1483.7 8.57 87.5 

85 1483 .6 8.49 91.0 
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[eee re le a 
STATION: E-4 PPE ri: 95m | DATE: 5-1-70 EME: 1700 


mat 36°-53 .3'N LONG: 122°-09.2'W | WIND: 295° SPEED: 2 
AIR TEMP(DRY): 56°] BARO: 30.15 CLOUD AMT:clear| HEIGHT(FT): -- 
SEA: -- SWELL: 2900-4 









Z SV i TRANS Z 0 Chloro- PO S) fe) 


phy 11 : : 


ml/1 noe ugAt/l 0 








0 5 
5 8 
Pee 1488.3 10.14 26.5 25 | 5. lO) AG) ss 
Meme 1485.2 9.25 32.5 BSE 20 Oe 2.32 
meee 1485.2 9.19 31.3 Ts  ieOG 6.9% Sase 
Pee 1485.0 9.07 35.1 
Meee 1484.8 8.98 41.8 
Bee 1484.4 8.86 51.0 
mi483.8 8.61 57.54 
73 ees. 5 Sega 76.0 | 
STATION: BS DEPTH: 76m DATE: 5-1-70 | TIME: 1800 


TAT: 369-54 .3'N LONG: 122°-07.5'W | WIND: 300° SPEED. 13 
AIR TEMP(DRY): 57°| BARO: 30.14 CLOUD AMT :clear| HEIGHT(FT): -- 


SEA: 3009-1 SWELL: _310°-6 
Z, SV T TRANS Z 0 Chloro- PO), S fe) 


2 phyll ‘ 
m m/sec He /m m ml/1 on ugAt/1 fo 
] 1490.6 10.86 Ne 0 ig We 6 (490) 1.00 
>). 1490.9 FOe92 PZ el 25 deel Ware ioe 
PI eS of 9.40 Cy ae | 50 Fae oy s O27 Za) 
iS eee 2 Ser a Uy Ie 
20 1484.9 Shela eas Ih 
30 1484.7 9.09 YG 
40 1483 .5 orm (3) Gy 
50 1ae63". 3 8.59 ee 
62 Laie} Sa 8515 oe ne) 
70 aussi 8 6 oy) 46.1 
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DEPTH: 52m DATE: 5-1-70 
LAT: 36°-55.7'N | LONG: 122°-06.3'W] WIND: 300° |SPEED: 5 
AIR TEMP(DRY): 54°] BARO: Seg) CLOUD AMT¢ lear | HEIGHT(FT): -- 
ee, 2000-1 SWELL: 300°-5 











Z SV de TRANS Z 0, Chloro- PO), ° O, 


phy 11 


ren ugdt/1 %0 





a7 ; malt O : 
5 £492. 6 Plea Dal 3 6.37 11.98 0.30 
ll ero 7 i 9.70 oleae 25 3.86 iets Ze les 
21 1484.7 9.02 BS) is 
30 1eS2. 7 en She Coa) | 
41 1484.5 &.89 sys) 
45 1484.1 Sar2 oa) 
Sai SON : E-/ DEPT : 36m DATE. 5=1-70 Tih Ee? O00 
ieee 309-55.9'N LONG: 122°-04.8'wW]| WIND: -- { SPEED:  -- 
AIR TEMP(DRY): 51° | BARO: 30.16 CLOUD AMT: clear HEIGHT(FT): -- | 
a C-- SWELL: 2800-4 a 
Z ov i TRANS Z O Chloro- PO S O 
2 4 t 
phyll 
O 3 
m m/sec C G/m m ml/1 mg /m ugAt/1 fo 
0 1491.9 pie 4 iy O Peo 9.89 0.49 
4 1491.8 | eg one. 10 Die sate: 8.39 Pelkey 
10 1488.7 1039 G2 20 eyez 1.46 Ws 
16 1486.0 Shy aes 25.) 30 DD sey" 0267 Zeo0 
20 148559 9.34 42.5 
22 ee SO 9.24 ban) 
30 1484.6 9.04 Weeo 
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eS 
Sele Z500 



















STATION: F-1l DEPTH: 44m DATE: TIME: 
Mets 36957 .4'N LONG: 122°-10'W coun 
peu TEMPCDRY): 519% } BARO: 30.20 CLOUD AMT: 
cea. C-- SWELL: 2909-5 _] 
Z SV Ab TRANS | z 0 Chloro- PO S 6) 
2 4 t 
phy ll 
m m/sec =6 S/m eine ueAt/1 
0 N es 
5 0 7G 10 3.50 8.14 1.10 
10 20.2 20 2201 1.16 2.02 
LS 46.0 30 1.49 0.84 228 
20 D 46.0 
25 A 35.1 
30 I 30.4 
35 A a0 6 





fires 0130 











————————— SS 

| STATION: F-2 
LAT: oy =00-4° N 

_AIR TEMP (DRY) : 





a Pk soe es 
Z SV Z 0 Chior a- PO), S 0. 
phyll 
3 
ml/1 mg/m ugAt/1 fo 

Ae he oe. 0 Ce 6.58 0.87 

a D. age 3 Tree, 6.53 1.06 

AD a. al 10 3) Ee Oey Ne) 

al Oe ay, 14 Onl S18) eer 

>) 8. HE 4.69 e723 oo 

SN 1484.0 8.56 cory Z7 108 Po 130: 

34 1483.4 Geoo Zeal 35 Sy) 0207 Zale 
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F-3 | TIME: 0300 | 
fae §=637°-03.8'N LONG: 1229-17.9'wW | WIND: <= SPEED == 
AIR TEMP(DRY We NW BARO. 30.18 CLOUD AMT: 10 j)HEIGHT(FT): 100 
SEA: -- SWELL: 290°-5 | 
Z SV tL TRANS | Z 0 Chloro- PO S 6) 
2. 4 E 
| phyll 
3 
m m/sec Cc L/in m ml/1 mg/m ught/1 %0 
| 2 ee et 
0 1486.7 9.55 2255 
3 1486.7 9.52 Died 
8 1486.7 9.47 B40 
15 me5.5 9.12 44.5 : 25 3.85 1.02 Dale 
19 1484.6 8.86 44.5 
25 1483.5 8.53 Bis 6 | 
—————————————————— eS oo 
| STATION: G-1. | DEPTH: 45m DATE: 5-2-70 TIME: 0445 
ewe 37°-04 .2' - LONG: 122°-19.4'w | WIND: — SEED: 
_AIR TEMP(DRY): 47° | BARO: 30.18 CLOUD AMT: 10 | HEIGHT(FT): 100 
SEA = | SWELL: a 5 ee 
0, Chloro- PO), S 0. 
phy ll 
my roe ueAt/1 Go 
0 1486.5 9.49 23.0 4.41 5.66 1.00 
2. 1486.4 9.44 2a 4.99 i Mee’ ie sys 
7 1486.2 9.39 30.6 Gee 3.74 Le 
14 (e546 9518. 43.7 4.70 i638 -- 
24 1e4.5 6281)° 55.8 | 3259 0.86 DES 
a2 1483.4 8.45 36.0 


SPATION: 














DER Som [ DATE: 5-2-70 
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= Ss 


ee Sa 
STATION: G-2 DEPAn: 72m | DATE : 9-2-70 Lae OS00 














mi: 37°-02.7'N WONG 2770-5 '°W | WIND: =~ SPEED: -- 
AIR TEMP(DRY): 47° | BARO: 30.19 CLOUD AMT: 10 |HEIGHT(FT): 100 
_SEA:  -- SWELL: 3009-4 af 
Z, SV It TRANS : Zz 0 Chloro- FO S O 
2 4 t 
phy 11 
m m/sec =c S/m- m ml/1 See ugAt/1 %o0 
| nner oe cn I 
0 1486.3 9.38 36.0 0 5.78 DNs 550 
3 iMpos4) 9.40 37.5 15 S18 2.60 1.78 
8 Waeo.4 9,36 37,5 30 4.99 M35) 1.88 
14 IMso,l 9.30 37.5 45 3.80 0.62 DOP 
24 35.6 9.07 38.5 | 60 DEIR 0.37 Deol 
34 1483.6 a Sal Ges 
44, Ieee 6 8-23 73.0 | 
52 Ie2eo 98.05 69.0 
59 1482.3 8.02 61.6 | 
I= a ee es 
Ho LATION: DEPTH: 99m DA 520270 TIME: 1000 






Wee 3 7°-01,5'N 


_AIR TEMP(DRY) : 


SEA : = 


PONG 179027]. 8'wW | WIND: 315° SPEED: 8g 
BARO: 30.19 CLOUD AMT: 10 | HEIGHTCFT): loo | 
SWELL: 315° -4 _ es 
ae PO 
0. Chilloiwe he 5 oye 
Dinan 


ml/1 ney tE ugAt/1 $0 












— 
——— 











9° 9 2 0 6.78 318 eel 
a Oh 1 iS 02 4.87 1.57 
nO | O). 3 30 4.03 0.64 1.98 
roe Oe 1 60 3.18 eins: DD 

Dy 138555) S498 86.5 4) 92 £2.43 0.40 2.44 

37 ies 8.36. 82.5 

52 W631  §.26. 81.8 

66 ie2G6 S,l2—  S0n5 

75 1482.6 8.01 69.7 

83 1482.6 8.00 65.8 

93 1482.8 7.99 58.5 | 
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STATION: @-4 

IAT: 379-00. 1'N 

AIR TEMP(DRY): 
BOEA : = 

Z SV 

m m/sec 

O aS? 24 

4 1487.4 

9 1487.1 

19 1486.2 

29 1486.1 
oF 1486.1 
48 1484.4 
55 1484.3 

ral 1483 .9 

81 1483.6 

87 1483.2 
STATION: G-5. 


IAT: 36°-59.4'N 








COmmnm vm oO OO OO O 


Boe 





_AIR TEMP(DRY) : 50° 


Sa 3159-1 


Z 





oV 


m/sec 


1487. 
1488. 
1488. 
1487. 
1486. 
1483. 
1483. 
1483. 
1483. 
1483. 


DON NMWONNHM OY 


COmMDDMDM NO OO OO 





DEPTH: 106m [ DATE: = 70 TOMES eS 
BONG se 1229-93 3'w WIND: 315° SPEED 10 
BARO: 30.17 CrOuLD AMT: “10 ME LeCH nT): 160 
SW: Bh GA Sra | 
TRANS Z 0 Chloro= PO S O 
2 4 t 
! phy ll 
6 
S/o mg/m ugAt/1 4% 
l 

ZOnG om eeke9 

76736 15 C220 ET oT 

Zone 35 5.98 6) ILS ies 

41.8 aD) Ae iz 0.45 1.91 

“Dale, 85 2.49 OZ40 25.0 

49.8 

7220 | 

88.4 

Sorel | 

So.2 

B37 










DEPTH: 120m 
LONG: 122°-24'W 
BARO: 30.06 












SWELL: Sms 
TRANS Z 0, 
S/n m ml/1 
Eg), 0 6.96 
18.8 ZS 5.35 
ey s' 40 oe oe 
Zone : 80 Sieh 
46.9 | 100 22 
75,4 
75.4 
[426 
Pia lees: 
67.9 
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DATE: 
WIND: 
CLOUD AMT: 


D279 © 
SMe 












Chloro- 


phy ll 
nee 


Sy 
Ze 
oroF 
Rio! 
OR eis, 


10 








TIME: 2000 
Pin tence Te 00 
PO, S oF 

ugdt/1 fo 
120 
ley 
223 
220 
20 





ey ————— 
STATION: @-6 DEPTH: 530m | DATE: 5-2-70 | TIME: 2200 














ere 36°-56.3'N PevGrmi22  -7 670 W | WIND: 315° SPEED: 15 
AIR TEMP(DRY): 50° | BARO: 30.08 CLOUD AMT: 10 Hecont (EL) 100 
SEA; 3159-3 SWELL: SIS seta 
Z SV iE 
m m/sec °¢ 
] 
BD 1489.6 10.41 x neice ce * OGs 
4 1489.7 Oso 0 5. 7203 Syn Ks 0.64 
8 1489.6 105.28 10 7.79 (ey, 0362 
2 1488.0 9.68 D 15 ARTS 5) (0s 0.66 
20 1487.6 9.7/8 A Zo 6.52 Ze Ve24 
0 oy .2 OIF 8) 9, T 35 S22 0.84 oy 
41 14o0,3 Oe A 50 8) Ors O47 2, 00 
a2 eo). / o) OUI i> Zao 0.19 226 
61 So ..3 8.86 
v2 1484.9 S270 
81 1484.3 8.45 
90 1484.4 S245 
ee eee 
| STATION: c-7 Pe a aan DATE 5-3-7976 TIMER: O Tne 
fee 36°-53.2'N LONG 12 22-53.4' Wo | WEND: 315° (ioe ee LO 
MoolneleMP(DRY): 49° {| BARO: 30.06 CLovue ae wlO. | HELCHE (FR). LOO 
Boe 3159-2 _ Sl bo _ | 
Z eau ie TRANS 2 0 Chloro- RO S O 
Z 4 t 
phyll 
m m/sec ae G/m m ml/1 Egae ugAt/1 Lo 
0 1489.7 10.48 fone O Coal 2.49 0.66 
i 1489.8 10.48 (TS rs S 7.43 4.86 0.66 
3 1489.7 10.49 ro EO OS, 50S O61 
3, 1489.8 OMe Oe) 20 6.87 4.92 One, 
20 E463. 3 9.94 Die 2 | 30 Doe ie Je bys. 
Sil 1485.8 9.28 eo) LP, 45 See 1S. 0.50 G2 
40 1486.3 Ze 84.9 60 Ae aZ On37 o> 
49 1486.4 9.24 69.8 90 Sirol 0.28 2210 
69 1484.9 8.74 oe 8 
eyes} 1484.6 8.54 So70 
OF Lae. 2 S236 CoO 
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| STATION: 
ma: 
AIR TEMP (DRY 





O 
t ) — 


ges 3150-2 


a A SR etm am a mea 


Z SV T 
m m/sec : 
0 1494.4 12. 
3 1494.5 12. 
5 1494.6 12. 
9 moe. i 
18 1489.6 10. 

29 1488.9 10. 
a7 1488.3 
57 1487.5 
val 1486.5 
90 1486.2 

STATION: lln2 
meee 37°-02.6'N 
AIR TEMP(DRY) : 

SEA: 3300-1 
Z SV T 
m m/sec : 
0 = — 
5 1495.7. 12 
10 1495.8 12 
19 1495.4 12. 

29 FOG5.3 ° 12. 
38 1493.4 11. 
49 1490.9 10. 
58 1487 .3 
67 1488.0 
75 1487.8 
83 1487.2 
92 1486.1 








GO \O 40 66 





sess 







DEPIA: 








950m 








HONG 1229240 5 'W 
BARO: 0.04 
SWELL: BS” 4 
TRANS | 
sin | 
aR || = 
fel 5 6. 6.33 
POM ION 6.26 
69.6 18 2 
55.4 | A) BAG 
eons 6. 11 
63.0 || 60 6.23 
67.6 | 90 5.59 
Bil. 6 
52.0 | 


LONG : 


COTO TUN ”GAM FE OW OW OC 


DEPTH: 900m 
TOC lA, (ARR 





me a eT 


ml/1 


eit 
6.36 
6.36 
yee 
Bio? 


EO) 


Chloro- 


DATE: 5-3-/0 






5-3-70 


phyll 


te 


So O47 = 


14 
14 
.13 
ee 
& LG 











TIME : 0400 
SPEED: Q 
HEIGHT(FT): 1 





Pere re OOO Oo 
\O 
© 





TIME: 0800 





ugAt/1 %0 


0.40 
0.42 
0.43 
1.14 
eas, 


a 
i — Pome ay 
ee ee 


! STATION: I-1 DEPTH: 310m DATE: 5-3-70 | TIME. 1000 | 





mor 37°-10'N LONG: 122°-45.8'W | WIND: 3250 SPEED: LO 
AIR TEMP(DRY): 49” | BARO: Zo CLOUD AMT: !0 |HEIGHT(FT); 100 
Mes: 3250-2 SWELL:- 350° - 
Z SV s 
m m/sec °c 
! 
© mre570-) 12.22. 66.5 | Oey 6.43 0.19 0.47 
5 eos | 12,24 67,0 10 6.44 On-15 0.48 
10 1495.2 12023) » 66.0 BO 26ed3 Onelal 0.83 
= 20 Ieoe0 Ile78 65.2 60 5.09 Qeaiell 1.49 
29 1490.6 10.86 84.0 HOO ©3567 0,12 185 
39 1485.9 9.40 89.6 
47 1485.1 9.10 92.9 
57 1485.5 9.11 94.7 
63 Were 55 8.98 94.0 
69 135-5 8.94 94.2 
85 1485.2 8.77 94.8 
89 1484.8 Siooe — 95 el 
93 1484.4 8.48 94.1 | 















ee 525- 700 | TIME. 1IO0 9. 
TONG: 122°-41.8'WIi WIND: 320° 


SPEED: 10 
BARO: S00 ClOUD ent: 


12s 10 ! HEIGHT(FT): 500 
Sveti 3300-4 iz | 
0 Chilono- FQ S O 

phy ll 


| STATION: I-2 | DEPTH: 131m 
IAT: 37°-10'N 

_AIR TEMP (DRY) : 
pee 3200-2 


























Soy 









Z 


m ml/1 Forne ugAt/1 %0 





mp. 7) 0 4.06 Gi ie eos 

oe. .O 10 Do Oye Ly Obs fees 

9 1494.7 2 WG) els 52 20 4.23 Oe Na aes 

18 1489.2 10.43 77.0, 45 se 2 0.24 WOE: 

29 1485.0 OF Ls oer Hit) OD 3.74 OS 69 

38 1485.7 a oe) a0) 100 a2 y 0. a0) ee 2 
48 1486.2 See 84.6 
5) 1486.2 oie ee) Core 
68 1485.4 8.9! hOI AS 
a9 1485.1 Se) 169 20 
oo 1484 .6 oe Sore 
98 1484.2 8256 LIS 


eee 8 ee 


ISH 





mm me rm 
a ee 


ea eee —— — SSS 
STATION: 1-3 DEPT 109m | DATE: 5-3-70 EME e200 


fee 37°-11.0'N LONG: 122°-38.5'W | WIND: Sle SMO T)D) poe 8, 


AIR TEMP(DRY): 61° | BARO: 30.00 CLOUD AMT: 10 |HEIGHT(FT): 1000 
SEA: 3150-2 SWELL: 330°-4 


Z SV Ih TRANS | 











Z 0 Chloro- PO S O 




























| 2 shy 11 4 t 
m m/sec “iG Sm eine ugAt/1 %0 
0 Weoge3 11,70 62.7 Or Oe 
4, ose 0) 11,55 64.8 10 6.87 0.85 0-35 
9 Ione ll.18 60.8 20 6.74 ea Us 1.10 
18 9053" 10269 51.2 30 ee 1s ees 
28 1488.3 9.94 46.0 : 40 Oe ts oy 
32 1487.8 OZ 43.3 50 5) Onl ORES: 173 
36 1487.9 See oo | 60 4.98 Os eres 
45 1486.7 Ceaee eo? 2 e ta ios! Ie 8) 
Bis) 30 .6 Boe lees 
60 1485.2 Soe): 176.2 
66 eis. 8.79 75208 
Ts: 35). 1 Sor 78.6 
ee a 
| STATION: 1-4 | DEPTH: _95m DATE: 5-3-70 TIME: 1400 
i 3 7°-10.9'N LONG: 1229-35.2'W| WIND: 3200 SPEED: We 
Bue lEMP(DRY): 56° | BARO: 29.95 CLOUD AMT: 10 ! HEIGHT(FT): 1000 
Se o20°-3 SWELL: 330°-5 ae | 
0, Chloro- PO, S 0, 
phyll 


m ml/1 ney ugAt/1 ho 


0 1492 .6 een ee. 0 oe 8 2.14 O21 
Z 1492.6 ee 2 5) 2 ee, 3 2 ah See 2316 
5 1492 25 Lees 1320 yz vo 4.07 0.44 
7 149 1.2 Che coxes O20 20 6x57 5 1 ONS) 35 
10 1e3 93 EO Zz 7 kere OH sie Ds, 0.82 ieGs 
1s: 1487.7 7G ee) 45 ang G93 see 
18 1485.9 SPO Sela 60 4.48 On72 203 
Zej} 1484.6 8.76 Sy 8 80 4.51 O93 Zao 
36 1483.5 8.45 68.8 
44 1483.5 8.42 [O76 
56 1483 .6 amos) Zs 
63 i455, 5 S36 Were: 
70 1483 .6 oy oP: 66-3 
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| STATION: 


































fe DEPTH: 91m ‘[DATE: 5-3-70 | TIME: 1515 
TAT: 370-11'N 
mR TEMP(DRY): 26° 
SEA: 3250-3 
Z SV Ab TRANS | Z 0 Chloro- PO S O 
Z 4 E 
phyll 
m m/sec "C G/m m ml/1l ae ugAt/1 Lo 
| 
0 eo 2 10.81 9.5 | oF Alo a: 2.84 0733 
3 1491.3 10.82 9.5 fiona 2e 5 0.29 
6 aon 2 10.77 9.6 15 oe ec] 1.08 
11 cess 10.57 140 20 Gary De 23 1.30 
15 1487.0 Oe es : 25 6.36 2.45 39 
Dall 1485.9 9.23 40.6 38 See 1,35 1.68 
30 1484.6 8.80 56.7 | 50 6213 ier 1.62 
40 1484.6 rel Ve 6253 65 Leer? 0745 1.98 
bis: 1483.9 8.48 49.8 80 3.68 0.93 te Mes 
62 1483.5 6232) 4Se1 
a 1483.3 OD SEC 
80 1483-.2 8.16 ORS | 
_STATION: 1-6 DEPTH: 85m Poe  5<3870. | TIME: 1645 
ewe 37°-10.8'N LONG: 1229-31.3'W]| WIND: 330° SPEED: 14 
MeoereceNP(DRY): 53°] BARO: 29.93 CLOUD AMT: 10 | HEIGHT (FT) : 700 
sea 320° -3 Siw so0C-o _ | 
Z SV it TRANS Z 0, Chloro- PO, S O 
é 
phyll 
O 3 
m m/sec © S/m m ml/] mg /m ugdt/1 Fo 
0 1489.9 10.45 9.6 0 Oe 3.46 O57 
3 1489.8 10.34 9.7 5 9.47 4.09 Os 
5 1489.6 10.23 9.1 20 6270 3.72 2G 
10 1485.8 oe lea 35 S13 0.45 ese 
15 1484.9 8.88 13.9 45 4.66 0.84 1.93 
mies «867 47.11 55 4.10 0.55 2.01 
25 1484.1 eee) Manes) 60 4.29 0.59 20S 
30 1483.8 SG Les 70 3.80 OL 55 2.08 
40 1483.6 Cae oe 7964 aS Be lol 0.63 2.20 
50 1483.6 8.36 81.2 
60 1483.6 8.32 74.8 
70 ee 3 4 8.30 bo eZ 
15 1683.05 Ce ee 0 
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| STATION: oy DEPTH: 73m [DATE: 5-3-70 | TIME: 1800 
IAT; 379-11'N LONG: 122°-29.1'W SPEED: 15 
AIR TEMP(DRY): 50°] BARO: 29.91 CLOUD AMT: -10 | HEIGHT(FT): 500 

SEA: 320°-4 SWELL: 320°-8 
Z SV an TRANS | Z 0 Chloro- PO S 0 

2 4 t 
phyll 

m m/sec mG S/n eye ugAt/1 %0 

0 leege2 10.21 ~ 10.2 

5 1489.3 10.17 10.6 5 31, SO Se 0.77 

9 1488.9 10.09 13.2 15 iO AR 1.13 

15 1485.9 e252 5 25 5. iy 2s 1.73 

19 1484.9 S77 SO 50 =4.26 0.41 2502 

30 1484.1 nO. fille 
40 1484.0 50mm sl) .4 
49 1483.9 Cee ans 
59 1483.4 Gea50 76-4 
63 1483.2 8.28 60.5 

| Ser ON : 1-8 Die ter 5) a. 


ieee = 370-10.4'N LONG: 1229-26.7'W 














_AIR TEMP(DRY): 49°] BARO: 29.9] CrCl pac iL 16 a Ce eee 50 | 
SEA: 3259-4 SWELL: S25 26 
Z SV T TRANS Z 0 Chloro- a, 5 O 
2 & t 
phyll 
O 3 
m m/sec C %/m m my mg/m ugAt/1 %0 
0 1487 .9 9.85 Onc O LOL 2.56 1.00 
6 1488.0 9.82 16.6 5 ee BY 2222 1.00 
10 1486.6 9.49 39.6 ies DOG 1 4e8, L465 
16 1484.9 Bao TOR? Z0 5.05 Qs2 L6D 
19 pa ea, |! ee 1355 30 4.63 0.54 2.06 
25 Iairsys le: So TIO 40 fEeG Oe 52 2.09 
29 rion S52 ez 
40 i285 6 S290 O33 
48 eGo. 7 8.46 68.9 
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| STATION: 1-9 DEPTH: 33m DATE: 5-3-70 | TIME: 2000 

















met. 37°-10.9'N OG 1278-25 2'wW WIND: 335° SPEED: Ny 
AIR TEMP(DRY): 49° | BARO: 29.9] CLOUD AMT: 10 |HEIGHT(FT): 50 
eee 3257-5 CC SWELL: 330°-8 
Z SV T TRANS , Z 0 Chloro- PO S 6) 
2 4 t 
| phy ll 
m m/sec ‘4G $1 rm m ml/1 meee ugAt/1 %0 
| 
i 1486.0 S25 Wis 0 6.34 Deeg Le Se 
6 1486.2 Ome sewer 2 oO. 4 5 6.35 6.13 1.56 
10 1486.2 9.32 29.8 10 6.16 SIs 65 
15 1485.6 9.14 36.4 20 Ses ees 2 1.98 
19 1484.9 8.94 45.3 | 
24 1484.4 8.78 44.5 
| 
STATION: gal DEPTH: 33m | DATE: 5-3-70 | TIME: 2100 | 










ee 377 -15.8'N 
_AIR TEMP(DRY): 49° 
ape 320° -3 


MONG] 1220-27 5'w | WIND:  _—s-325° =| SPEED: is 
BERO: 20.593 CLOUD AMT: 10 ! HEIGHT(FT): 75 


SWELL: 3209-7 | 














a SV it TRANS Z O Chior o— PO), S oH 
phyll 
O 3 
m m/sec C %/m m me mg/m ugAt/1 Fo 


0 8.34 Deb OR e6) 
5 8.58 4.82 0.86 
dsl: Sel eee, Omg 
Ze 4.8/7 0.86 202 
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Ust 


eat LON: 
PAT : 379-21.6'N 
mb LEMP (DRY) : 49° 
SEA: SNS ew 
Z SM At 
m m/sec me 
0 1488.2 9593 
6 e682 9293 
9 1488. ] 9.8/7 
14 1485.2 9.06 
20 1484.3 8.74 
24 1483.9 8.64 
28 1484.0 8.62 
—_—_—_—_—_—_—_——— 
| STATION: J-3 
Pie 37 -26.7 'N 


_AIR TEMP(DRY): 49° 


SEA: 3159-2 


ah 


Ge 


DEPTH: 38m 
LONG: 122°-29.6'W 








Mate: 523-70 | TIME: 2200 | 
WIND: S5c SPEED: 10 





























Baro 29.94 CLOUD AMT: 10 | HEIGHT(FT): 100 
SWELL: SGOT | 
TRANS Z 0 Chloro- PO, S O 
+ t 
phy1ll 
$m m ml/1 Ova ugAt/1 0 
| 2 
19.0 0 7295 3.86 Oy 
ro .4 5 Sl) 2269 ieee 
Plead 1S G05 2.49 1.68 
Tee 8 23 4.66 O76 Zee ey 
ei e2 | 30 Ss y as Zt 
54.9 
SSS Is 
DEPTH: 45m DAME 5-370 MME 2330 
Poree 1229-37720 | WIND: 315° SPEED: 8 
BARO: 29.97 CLOUU eit 10 HETCHTCRT): loge 
SWELL:  315°-4 = 
Z SV TRANS Z 0 Chloro- PO), S O 
t 
phyll 
3 df 
m m/sec S/n m ml/1 mg /m ugAt/1l %o 
0 1490.2 9.5 0 9.70 Gea 0.49 
5 1490.3 9.3 5 ie ee 4.28 Oy ail 
10 1486.7 SPSS 15 7 5510 We {eV 1.46 
16 1484.8 Sys) 20 5.79 1.47 1.87 
PI 1484.2 Sle | BE dy S10 Ores NIRS 
26 Logon o 63.20 a5 4.70 0.48 253 
311 1483.8 Oo! oS 
36 1484.0 Boas 
39 1484.0 Bion 


mMOmnmow ov ro 
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STATION: DEPTH : 39m PoE O00 











































Pete 37°-31.9'N Ren Ge 22°=35.4'W |) WIND: 315° SPEED: 8 
AIR TEMP(DRY): 51° | BARO: 29,95 CLOUD AMT: 10 | HEIGHT(FT): 100 
moeA: 315°-2 SWELL: es 4 
Z SV a TRANS : Z 0 Chloro- PO S O 
2 4 t 
phyll 
m m/sec = Gm m ml/1 aoa ugdt/1 %0 
| 
0 igs § 9.92 19.8 0 eG 3.65 1.44 
4 een o 9.74 ) 20.4 4 eel 4.18 1.49 
8 Imes. 6 8.98 24.1 12 6.89 3.89 soi 
12 1484.7 8.80 64.9 16 18 acs 1.81 
16 ier 0 8.66 59.2 | 25 4.81 On) 2D 
19 mes.9 9 8.64 57.0 29 4.98 O71 DES 
25 1484.1 8.64 56.0 
29 ero Sel 53. 7ral 
poe, «(1484.2 8.61 52.4 | 
| 
0—_—_—_—_—_—_—_—_—_——_——— ee re 
MmeowmetON: K-11. DEPTH: 46m DATE: 5-4-70 | TIME: 0200 
Mae] °-31,6'N LONG : 122°-35.2'W {| WIND: 315° SPEED: 
_AIR TEMP(DRY): 52°] BARO: 29.92 CLOUD AMT: 10 iL : 100 
fetes 3157-2 _ SWELL: 3150-4 | 
y SV T TRANS z 0 Chloro- PO S O 
2 a t 
phy ll 
m m/sec EG G/m m ml/1 ra ugdt/1 %0 
0 -- -- eal 0 -- wesw, ole 
3 ieee 3 711212 Se 5 9.69 Seg 0.48 
5 Ieee i | 1052 Br 15 6.73 5a2 5 tél 
9 1485.9 G32) 31.4 20 beh ceaek: 1.90 
12 1484.4 8.85 64.0 25 5.40 a7 ee 
Ls 1483.8 8.59 76.9 a5 bos 1.16 2.39 
20 1483.8 8.62 73.8 
24 1483.8 Sey =6655 
29 1483.8 8.58 52.9 
34 1484.0 8.58 Chom. 
40 1484.0 Seve ble 
| 
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| STATION:  K-2 DEPTH: 48m DATE: 5-4-70 | TIME: 0335 
maws7o-92 1'N | LONG: 122°-37.1'W i winp:. 315° 
AIR TEMP(DRY): 51°} BARO: 29.95 CLOUD AMT: 10 | HEIGHT(FT): 100 


Bers: 3100-2 SWELL: 3150-4 


rm cme aw ee ae Se 
SL TA A A TT ry a SE SPS S-type PG? SN Stapp re cP 


















Z 0, Chloro- PO S O 
phy ll 


ovine ugAt/1 %o 




















| 
0 1493.6 L1465 5.0 0 10.56 2265 0.38 
3 1493.5 11.64 5.0 5 9.93 6.20 O51. 
6 1493.5 IIL te 4.6 12 6.65 esa 1.63 
8 1487.1 Oreo ae Wl. 2 20 5.30 1 IY 2.09 
WA 1486.6 Sas 3082 pF 4.99 0.63 ENS 
iS 1485.3 9.10 69.4 40 5.08 0.93 2.38 
20 1484.5 8.86 69.2 
24 1483 .6 8.58 69 6 
Dy 1483.7 BES ros. 7 
Ba HaS3 .7 S256, 9 59.2 
38 1483.8 8255) 52 64 
40 1483.9 eg IS | 
STATION: K-3 DEPTH: 50m Date 5-42 76 TIME: 0435 
fe 37> -31,.9'N LONG : 1229-38.7'W 
_AIR TEMP(DRY): 51° | BARO: 29.95 
SEA: 315°-2 SWELL: 315°-4 
Z SV it TRANS Z 





ugAt/1 Lo 





ne: ae Bs, 
, ri so 
4 4 .42 
2 ee) ¥o3 
os : 0 pileS 
18 o., ne, Fe) 0) 
we, ox 8 
7 oie a) 
18 ee we) 
af Cr 2 

40 1483.8 oHoe 42.0 

44 1483.9 Boo: 24.8 


Be 





————— a a a OS — EEE SS——S———EE 
| STATION: K-4 [ DATE: 





























DEPTH: 57m 5-4-70 | TIME: 0530 
LAT: 37°-32.2'N Pore. —122°-7.3'W | WIND: 3 ION SPEED: 9 
AIR TEMP(DRY): 50° | BARO: 29.96 CLoup AM@rs 10 | HEIGHT (FT) :° 700 
SEA: 310°-2 Swe Li: 300°-6 J 
Z SV T TRANS | Z 0 Chloro- PO S O 
4 t 
phy 11 
m m/sec IG S/n m ml/1 ene ugAt/1 Lo 
0 M026 11) Al li 
3 1492.7 11.40 o : 0. 
S eo2=S 11.44 22.2 12 9.04 B65 0.40 
8 eae 8 11.42 21.2 29 5. (6 Le ee 
ll 1487.4 os 8.9 | 44 bee oe 102 
14 1486.3 9.36 19.0 47 4.85 1.98 es oil 
17 1485.7 Omh:  43../ 
Ai 1484.8 8.90 54.6 
ZG 1484.6 Bro. Sieg Il 
29 1484.3 S702 6222 
35 1484.1 ES | Were 
39 1484.1 8.59 59.7 
44 1484.1 Chey ero 423. 
50 463.4 Shy Ssh = SYA) Es) 
Meee tON: =K-5 DEPTH: 64m 
FAT: 37°-31,9'N | LONG: 122°-43.1's (SPEED: 9 
Gee TEMP (DRY): 50° : 29.96 | HEIGHT(FT): 
OHA: __310°-2 3009-6 | 








7 0 Chloro- PO), S 0 


Z SV T 2 
phy ll 
m m/sec eC S/n ae ugAt/1 Lo 


0 1492.5 ives rec 0 ote 1.44 Oe: 
3 1492.6 126 gs i / 5 Dia ey Gk 
») e912 = 6 2 oe 10 J) tox! Jk pA Grae 
9 1490.6 EO) aye Ges 2 6235 1.54 1.54 
14 1485.6 Oe es | 5) 5.44 Orel ees: 
vA) 1485 .0 reyes lee See, D2 4.63 4.14 PAM fe 
24 1484.1 8.69 DS, 
29 1484.1 8.66 58..0 
34 1484.2 8.66 oe! 
3) 1484.1 S62 he ee: 
44 1483 .9 Ce ie Nome 
48 1483.7 Soa ee ac 
Die HOS 20 S240 20-5 
7 1483.7 B39 eee 
l 


see) 


















STATION: K-6 DEPTH: 77m DATE: 5-4-70 | TIME: 0800 








wore 397°-31.6'N LONG: 122°-46.9'w| WIND: 320° SPEED: 9 

AIR TEMP(DRY): 50°] BARO: 297,94 CLOUD AMT: 10 | HEIGHT(FT): 900 
Beek: 320°-1 SWELL: — 200°-6 | 
Z SV T TRANS | 

O df 
m m/sec C “of m 
| 

0 1486.2 9.76 62.3 | te 

5 e723 9.76 62,3 ; lis 

Le Iesres 9.75 45,9 | 30 Si, US 0.89 are 

5 eg 5 9.72 © 33.4 40 5.06 1.06 lee 

25 Hso.5 9,14 78.5 | 60 Sal? e219 1.86 

34 ie5.5 8.78 70.8 

47 1484.4 8.64 65.7 

58 WeEIee ~ 8.63 6292 «') 

62 sa55 8.59 61.6 

66 1484.4 8.58 63.3 


————ooooeeoEoEeEoEoEoEEeeee 
MESTATITON: K-7 
peome 37°-32'N 


Bee TEMP(DRY): 53° 







SS oS eee 





TIME: 0900 | 





5-4-70 
oS 










DEPTH: 86m DATE : 
LONG: 122°-49.9'wW| WIND: 
BARO: 29.96 
















SEA: 3100-2 SWELL: 310°-5 | 
Z, OV T TRANS Z O Ciuboro= PO S O 
2 4 t 
phy ll 


m my 1 “ae ugAt/1 Lo 





m/sec 





Oe 0.89 

OF Ofe ee 

. 0. O.28 

40 0-25 1,66 elk 
50 4.82 0235 NAS, 
60 aS OF ars: its: 


Big 2 en @ aa 5 [nl ae 1 oh Oa @y Sea I @ ole @ 7 
rm \O Ns) = 1o & Co Fl fe 
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———— a TTT IY, oA 
STATION: K-8 DEPIH: 100m [ DATE: 5-4-70 TIME: 1000 
met: 37°-32.3'N EONeemeize oo > W | WIND: 310° SPEED oo 


Peer DRY): 55° | BARO: 29.96 CLOUD AMT: 10 | HEIGHT(FT): _ 


pe: 3109-2 SWELL: 3159-4 








Z SV a TRANS | Z 0 Chloro- PO 5 O 
4 t 

phy 11 

O 3 

m m/sec C S/n mg/m 


















{ 

0 mor? 10.98 61.2 6. ‘oe On 

5 oie 4 11,02 61.2 7 6.97 On 62 O27 

9 Fao 33 10.91 33.6 Zz nes 7. O26 iee2s 

18 1488.5 10.11 75.8 |} 30 4.89 0.33 0 
29 1485.6 9.27 86.6 | 50 4.08 0233 ice 
39 So. / Gaal S70 719) 6. )D0 ORnG es? 

58 1484.9 8.79 89.0 90 3265 0.23 1.98 

76 1484.0 8.46 88.6] | 

84 1463.4 8.24 S65 1 

88 reo. 4 ey CATE Son) 

91 £483, 3 8.18 S26 

| 
——————— e——e—————eee—E—— EEE — 
STATION: xK-9 DEPTH: 167m Pegi ese 4-70 || TIME 1200 
ee 7 °-31.2'N fone: 1220-58 'W WIND: 315 SPEED: ie 
Bene TEMP(DRY): 59° | BARO: 30.02 CLOUD AMT: 10 ! HEIGHT(FT): 1000 
bea 315°-2 SWELL: 3159-4 | 
Z SV at TRANS 0 Chloro- PO, S O, 
phyll 


m m/sec “6 %/m m ml/1 aera ugAt/1 %o 


0 1493.9 Ne sie GGe2 0 oe: 0.5 0.61 
6 c95 9 od OGeo 10 6.46 0.28 Ovi G 
2) 1491.4 11.04 6355 ks; Tes es O35 Ono 
1s 1490.3 LO G2 Cao Ze 62> 0.41 Feo 
1g 1489.4 BORG? 70,0 40 5) 3h 0.49 ees 
28 1487.7 J S G526 70 SeavES: OEM tex’ 
ay 1485.4 oS 83.6 100 3.84 O08 eo) 
56 1484.8 nS TOe2 
ial 1484.3 8.54 902 
89 1484.2 8.46 90.6 
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———————— SS a SRS TS Se 
STATION: x¥X-10 DEPTH: 755m DALE. 520-70 TIME: 1330 
fev: 37°-32.3'N Ponees123°203.8'W i Winp: § 315° SPEED: 14 








































AIR TEMP(DRY): 58° | BARO: 30.00 CLOUD AMT: 8 |HEIGHT(FT): 4000 
ES ee 
Z SV s% TRANS : Z 0 Chloro- PO S 6) 
2 4 t 
phyll 
m m/sec °C 
feeeeteoS 1 «12.27 72.6 | OG 6.42 40.11 £0.46 
6 1495.3 12.28 72.6 10 6.02 0.14 0.48 
9 tices 12-25 73.1 15 5.98 One Ke 0.74 
14 ieee?) 12.20 76.5 DS 6.58 Ons 0.99 
19 mise.7 10.27 90.8 | 36 «= 6.36 ~—Ss«iO«w 18 iL 1S: 
24 1489.8 10.48 87.7 50 5.96 0.69 TAS 
29 1489.8 10.45 88.4 67 556 0.89 56 
38 1488.2 9.93 78.7 || 100 Seo 0.22 1.95 
47 tes? . 1 ne oe 
61 1486.2 is asls 
75 1485.5 8.86 80.6 
93 aoa, | oe bY) 96.0 
100 1484.1 8.34 96.0 | 
eee ——— 
| STATION: K-11] Diner Piste Ey DATE: 5-4-70 TIME: 1500 
IAT: 37°-32.4'N LONG: 1230-09.3'W | WIND: 310° Seaepe 14 
_AIR TEMP(DRY) : BARO: 29.99 CLOUD AMT: 7 HEIGHT (FT) :4000 
Me 305°-2 3150-4 a | 
a a Se 
Z ov ak TRANS Z 0 Chloro- PO), 5 0 
t 
phy ll 
m m/sec 6 S/m m ml/1 eine ugAt/1 %0 
0 1494.4 12.06 63.8 0 6.44 0.16 0.50 
4 ieoteG i207 sols 5 6.46 i, Ly 0.50 
8 1494.3 11.98 60.6 il 6 AS! Ores 0.66 
15 eae G lees 7 la 36 6.19 0.14 ie 22 
2h 1489.8 10.58 75.8 41 pas 0.14 1 oe 
24 eeon9 10,52 “980.1% 55 5.19 1 Lo Se 
34 1488.2 9.97 Wasnt 68 Sei 0.54 1.58 
44 1487.8 G7 > meee 8 80 5.44 0.44 Lae 
54 1486.8 a Sr Si ee 6.08 0.11 0.64 
72 1486.6 9°23 7655 
88 1486.0 8.98 79.5 
100 1486.0 8.86 84.2 


I} 
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————————— 


STATION: 
IAT: 37°-36.8'N 


mk TEMP (DRY 


maa; 305°-2 
ZL SV 
m m/sec 
0 1491.6 
S. Lao. 8 
10 1490.3 
14 1487.9 
19 ae. 1 
Dee 1486.8 
B4 1486.3 
44 65.5 
55 es. 2 
64 liso. 0 
7D 1485.0 
84 1484 .6 
100 1484.9 


Z 


1489. 
1489. 
1485. 
1484. 
EoD. 
1485. 
1485. 
1484. 
1483. 
1482. 








teas 


MSTATION:  L-2 
jee 37°-42 .2'N 
“AIR TEMP(DRY) : 55° 


SEA: 3000-2 


U_—DAMWMFHWAKHLHL S| 


————— 


Be 


T 


© 


©) 


a 
Sa 


Omwmm WW OO WO WO WO 


SWELL: 310°-4 | 


me em am mam mm me 


DEPTH: 46m 






















DATE: 524-70 
WIND: 300° 
CLOUD AMT: 5 


DEPTH: 1463m 
PONG ya. = 15.4 'W 
BARO: 30-00 





TIME: 1645 
SPEeDs 14 
He tC Pe 3700 





TRANS : 





Z 0 Chloro- 120, S 0 
2 Shey 4 t 
S/m m rly ove ugAt/1 Lo 











ele Onn e707 0.25 0.89 
66.4 5 6.90 0.25 0.86 
68.5 10 6.94 6) OY 0.89 
61.2 15 6.81 0.40 1.09 
55.8 | 30 6.04 1.43 1.39 
58.2 50 5.09 0.72 1.75 
70.4 75 4.92 6222 1.88 
83.3 100 5.17 0.26 1. 88 
89.3 j| 150 Swe 0.12 2.09 
90.1 | 200 3.89 Oneal 2.06 
88.4 

88.0 : 

87.00 
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= ee 





1800.—i—i«ts 
SPEED: 14 
lHELGHT GT): 3500 


DATE: 5-4-70 
WIND: 290° 
CLOUD AMT: 


AU aN 















i OLoy Tn 
30.00 


LONG: 
BARO: 


















4 


Zz O Chloro- PO, S fe) 
phyll 


one ugAt/1 Lo 





CO 
IS 
WwmwoWwWwntnI nO oO wo UN 
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STATION: L-3 

PAT: 37°-47.7'N 

AIR TEMP(DRY 539 
BISEA ; 280°-2 

Z SV © 

m m/sec 6 

O 1489.2 IO) 12, 

6 1489.2 LOL? 
10 e733 9.65 
20 ra35 1 8295 
Sy Ih 1483.9 8.60 
39 Peon 5 8343 
49 rao). 3 8.36 
59 1432.8 8.16 
63 rae2. | 7.98 
“STATION: 1-4 


ee 37°9-52.6'N 
ee EE MP (DRY) : 54° 
Me: 2959-4 


Z 


SV 


m/sec 


1488. 
1488. 
1488. 
1486. 
1484. 
1484, 
1483. 
1483. 
1483. 


DDDH AH HH WD 


I 


oO 
GD, 


WOmmnnmwmwwo vd © 0 


DEPTH: 7 lm 















DATE: 5-4-70 | TIME: 2000 
LONG: 1229-59.7'wW |WIND: 290° SPEED: 130 
PaRorn 30-02 CLOUD AMT: 8 |HEIGHT(FT): 1500 
SWELL: 2909-4 | 
TRANS | Z O Chioro- PO S @) 
| Her : : 
phy 
S/m eve ugAt/1 %o0 
{ 
6.1 9. 2, 0. 
6.1 5 9.28 323 Oe 
10.9 | 20 5.89 0.76 158 
apart 30 4.81 18H 1.86 
52.2 | 45 4.40 eos 1.96 
70.8 60 4.20 1.16 2.08 
68.2 | 
| 
Sine 
DEPIH: 55m DAVE 5 27.0 TIME 60.136 
PONG: 1229-52.5'W) WIND: 295° SPEED: 19 
BARO: 30.04 CLOUDTAME® 10 VHEIGHT(FT) © 1500 
SWELL: 290°-4 | 
TRANS Ze 0. Chloro- PO, S on 
phy 11 
%/m m ml/1 mg /m ugAt/1 fo 
120) 0 8. 36 2.67 0.69 
ine 1G 8.37 4.06 O72 
11.7 aks 5.79 07 1.69 
Zon as Ae 7a 0.94 1.98 
67.1 
TOT 
Thipall 
654) 
52.9 
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STATION: M-1 DEPIH: 47m Dale: — 5-4-/0 TIME = 2200 







el 937 -53.2'N LONG: 122°-49.2'W | WIND: 23) WS talon RT 
pa TEMP(DRY): 54° | BARO: 30.05 {CLOUD AMT: 10 | HEIGHT(FT): 1500 
mA: 2950-4 SWELL: 290°-4 
Z SV a TRANS | Z 0 Chloro- PO 5 0 
2 4 t 
phy1ll 























m m/sec =¢C lm neve ugAt/1 0 
| 
0 1488.3 Jeo 9.8 
4 Leo ..4 9.96 9.8 5 8.74 6233 O73 
8 1488.4 9.92 1.4 10 9.12 Coe 0.60 
14 eno. 2 or OW ASOT Zo 6.38 ie 32 1.49 
19 1484.8 Se | 64.1 30 Sass: L206 1.69 
23 1484 .6 8.83 6720 
28 1484.3 8.71 69,6 
a2 1484.1 8.65 Sih 0) 
38 G3. 7 Sql 46.1 
ee Se —= 
| STATION: yy-2 DEPP: 52m DATE: 5-4-70 TIME: 2330 
oe 37 O-49'N LONG : 
Bee eMP CDRY):  54°| BARO: 
MSEA: 290°-4 SWELL: __290°-4 | 
Z SV 16 TRANS Zi 0 Chloro- PO S O 
2 4 t 
phyll 
m m/sec “6 S/m m ml/1 ene ugdt/1 %0 
0 es yO SBS) iv aew 0 eM 6.18 0.94 
6 ar 0 o760 16.6 10 720 Sioa ipsa es) 
10 1486.4 9.44 Boa 22 5220 Oe er 8, 
19 1484.8 rein vil Be 30 6.03 0.88 Wey fr 
Zo PAB. 2 8.70 71.0 40 5.6 O2o9 1. 86 
34 1483.9 O00 674.0 
SiS i837 Seo 61.8 
43 ESS 26 3h NO) Doe? 
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STATION: \-3 
ie: 37 -46.4'N 


LONG: 122°-46.9'W 
Eee LeMP( DRY): 52° | BARO: 30.03 CLOUD AMI = 10 He eGul (FL) kooe 
SEA : 


2809-4 Sei 2600-4 | 


Z SV a TRANS | 


DATE: 5-5-70 | TIME: 0045 





Pei. 46m 








Z @ Ghloro- EO S Oo 
2 
phy 11 - c 
























m m/sec C Be ugdt/1 fo 
@ 1484.6 8.95 70 1 
3 1484.8 8.94 8 ; L, 
5 aoa / 8.94 Oe 10 5.68 LOZ | re 
9 1484.8 8.93 10 es: in 6.205 0.87 oe 
20 1263.0 8.43 Ome2 29 ae Oy Zeal6 
25 1463 .4 8.40 5) a0) 
80 1482.9 8.33 Doe 
40 0 Gae2 49.0 
42 63°. | oes: a7. 0 
——————— —————— eer 
| STATION: M-4 DEPTH: 36m DE 525570. LIME: 0200 
M3 79-43 .5'N LONG: 1229-44.5'w| WIND: 270° 
meee LEMP(DRY): 50°} BARO: 30-02 CLOUD AMT: 10 ! HEIGHT(FT): 1000 
Sea 270°-3 SWELL: _270°-5 a | 
Z ov ‘i TRANS Z 0. Chloro- PO), S O 
i 
phyll 
m m/sec °C L/m m ml/1 nope ugAt/1 Lo 
@ fa90 3 Opal 1620 0 S254 4.82 O63 
3 1490.3 ope Ss Poe! 3 S256 2.96 OvG3 
5: 1490.3 LOn7 2 ES wae 10 Wes REZ [a5 
9 1488.8 Oe 22 Seal Ibs On29 0.93 2 
by £485 ..2 oe || 51016 29 nee IL 8! 2 R24 
jks: 1463.5 oly, Oe 67.0 
19 1465.2 Sra age? 
oe 462.8 Oe 44.0 
29 1482.8 8.28 BO 20 
30 L462 .7 Oe. Sheet 
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SLATION: M-5 
Wee 37--40.2'N 
AIR TEMP(DRY): 50° 
SEA: 270°-3 | 
Z SV T 
m m/sec °c 
0 1490.0 Osos 
5 1490.0 LOR 6 
5 1490.1 LOG 
10 eee .9 9,82 
14 237, | Say 95 
AA rere 3.3 8.48 
25 1483 .2 8.45 
28 [4453.3 oes 
(OS 
| STATION: M-6 
Lede 0-37.5'N 
_AIR TEMP(DRY): 50° 
pees 270°-3 
Zz SV T 
m m/sec = 
O 1490.3 10.80 
3 1490.6 On ey 
5 1490.7 O67 
iol E286. ll G2G0 
15 285.5 9.09 
20 1484.4 ee ie 
2a 1484.0 8.64 
Bul FA83.7 8.54 


Dir an. 33m 








DATE: —~5-5-/0 Th OsO 
LONG: 122°-42.1'W | WIND: 270° SPEED: 10 
BARO: 30.01 CLOUD AMT: 10 | HEIGHT(FT): 1000 
270°-5 
Bas | 
S Z, 0, Chloro PO, S 0, 
phyll 
$/m m miles Revere ugAt/1 Lo 
19.1 © 1. 
19) 1 3 1. 
18.8 8 2 
44.0 12 ow 
67.0 | 24 5.47 1.73 1.60 
44.9 
36.5 
33.6 
| 
DEPTH: 36m pie S85 9p linn 0100 
LONG: 1229-40,.2'w} WIND: 270° SPEED: 10 
BARO: 30.00 CLOUD AMT: 10 ! HEIGHT(FT): 1000 
SWELL:  270°-6 | 
0 
TRANS Z 0, Chloro D S 0, 
phyll 
S/m m ml/1 mg/m ugAt/1 $0 
23-0 2 8.36 ee 0.87 
22.8 ll 8.61 Leesa 0.65 
De 14 Foe 5.05 0.96 
46.8 17 6.54 3.17 tel 
48.3 25 5 52 0.92 1.62 
61.9 
60.4 
Wee 


ey: 








a ee ee 


STATION: M-7 DEPTH: 29m (DATE: 5-5-70 | TIME: 0530 


Pete 7 -37.3'N ONG ol 23°= 3686 W | WIND: -- SPEED: -- 
AIR TEMP(DRY): 51° | BARO: 2002 CLOUD AMT: 10 | HEIGHT(FT): 500 
SEA: 270°-3 SWELL: 290°-6 











2 aii 4 t 


m m/sec "Cc S/m wee 


Zz SV T TRANS | Z 0 Chloro- PO S O 







Lo 


uegAt/1 











| 
0 1489.5 10.62 18.1 
3 Mes9.4 10.41 18.1 5 6.64 Jee 1.49 
5 87.3 9.21 17.0 10 Ces ve G50 142 
10 1484.8 Se 8 2738 16 5.39 0.48 lees: 
1 1483 .6 8.59 40.8 | 20 4.84 On7> 1.86 
20 1483.8 SEO MR sViaes: 
23 1483.8 SOO 270 | 
24 1483.8 S00 22623570 | 
| 
——$—$—$—$——— a ee ———————— 
| STATION: DATE: TIME: 
WIND: | 
CLOUD AMT: | HEIGHT (FT): 
: eee 
2 i ee ee 
0, Chloro- PO, S on 
phy ll 


ml/1 eine ugAt/1 %0 
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